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(54) Rolling bearing unit with rotational speed sensor 



(57) A rolling bearing unit with a rotational speed 
sensor compr»ing a stationary outer ring having a first 
raceway, a rotatable inner ring having a second race- 
way, a plurality of rolling elements rotatably provided be- 
tween the first and second raceways, a sensor support 
case having a step portion for axial positkxiing, a de- 
tecting portion and a sensor rrwunted therein, an encod- 
er having circumferentially changing magnetic charac- 
teristics and connected to the rotatable ring, a cover 
made of a synthetic resin, connected to the stationary 
ring, and having a fitting portk>n with respect to the outer 
ring, the fitting portion formed with a groove for mounting 
an O-ring therein, a mount hole for inserting part of the 
sensor support case therein, and a portion abutted to 
the step portion of the sensor support case for axiat po- 
sitkxiing, and an elastic member having a first portion 
engaged with the cover and a second portion engaged 
with the sensor support case to fix the sensor support 
case to the cover. 



Fig. 33 
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Qeserlption 

Field of the Invention 

The present invention is related to a rolling bearing 
unit with a rc^tionat speed sensor, which is utilized to 
rotatabty support a road wheel with reference to a sus- 
pension apparatus while detecting the rotational speed 
of the road wheel. 

The road wheel is rotatabty supported by a rolling 
bearing unit with reference to a suspension apparatus. 
In addition, the rotational speed of the road wheel must 
be detected in order to control an anti-lock braking sys- 
tem (ABS) and traction control system (TCS). Accord- 
ingly, recently the rolling bearing unit with rotatkxial 
speed sensor, that is the rolling bearing unit having a 
rotational speed sensor installed therein, is broadly 
used to rotatably support the road wheel while detecting 
the rotatkxial speed of the road wheel. 

Japanese Utility Model Publicatbn JITSUKAI HEI 
No. 7-31539 disctoses one example of the prior art 
structures of the rotational speed sensor, which is also 
referred to as rpm detector in this specificatkxi, for use 
in such an object. The publication is incorporated in the 
present specificatkxi by reference. 

In this structure, a pair of bolts and nuts 12, 1 3 are 
used to securely fix a sensor 1 0 to a cover 9 of the rolling 
bearing unit (see e.g. Fig. 3 of the publication). This step 
is carried out in the assembling site of the rolling bearing 
unit with rotatkxial speed sensor but inconvenient to 
need a tong process time. In additk>n, the disengage- 
ment and engagement of the bolts and nuts for repairing 
the rotational speed sensor in the rolling bearing unit are 
also troublesome. This leads to cost-up in the produc- 
tkxi and repair. 

U.S. Patent No. 4,946,295 which is incorporated in 
the present specificatkxi by reference, discbses anoth- 
er example of the bearing unit with rpm detector where 
the sensor is easily engaged and disengaged with and 
from the bearing unit for easy rnspectkxi and repair. No 
special tool is used to install the sensor at the end of the 
statkxiary outer ring. However, no seal device is in- 
stalled in this structure to protect the encoder and sen- 
sor from outskle. Specifically, the seal ring 10 in this 
structure is used for isolating the space for Installing the 
rolling members 3 from outskle, but not for isolating the 
encoder and sensor from outskfe. Accordingly, for ex- 
ample, when it rained, water drops may be kept attached 
to the clearance between the encoder 1 9 and sensor B, 
whk^h may lead to daniages of the encoder andAor sen- 
sor if the automobile is started with the attached water 
drops frozen. 

JP Patent Publication TOKUKAl HEI No. 
9-1964945 discloses another example of the bearing 
unit with rpm detector, where the holder 26 with the sen- 
sor 12a embedded therein can be easily installed and 
removed with respect to the cover 23 fixed to the outer 
ring 2a without any special tod. However, some im- 



provements are required in assembling the bearing unit 
with rpm detector. Specifically the cylindrical support 
body 27 must be placed in alrgnment with the hokier 26 
in phase in a circumferential direction. Therefore, the 

s hokier must often be rotated inskJe the cylindrical sup- 
port body, but due to the presence of the elastrcally com- 
pressed O-ring on the cylindrk:al support body, the force 
to rotate the hokier is substantially large to easily worsen 
the assembly performance of the bearing unit with rpm 

10 detector. In additkxi to the assembly performance, the 
performance of the rotational speed sensor must be tak- 
en into consideration with respect to the installatkxi of 
the hokier into the cover of the bearing unit. 

The mechanism of the rotatkxial speed sensor is 

IS detailed later referring to Figs. 73 to 76. 

Summarv of the Invention 

An object of the present invention is to provkie a 
^ rolling bearing unit with rotatkxial speed sensor in whk:h 
the engagement and disengagement of the sensor to 
the cover is carried out easily and instantly to reduce the 
cost. 

Another object of the present inventkxi is to provkie 
^ a rolling bearing unit with rotatkxial speed sensor in 
which the sensor holder is seallngly mounted to the cov- 
er of the bearing unit with the assembly performance of 
the hokier into the cover improved. 

30 Brief Description of the Drawing 

Fig. 1 is a cross sectkxial view of the rolling bearing 
unit in one example of the present inventkxi. 

Fig. 2 is a perspective view of the cover used in the 
35 rollkig bearing unit of Fig. 1 . 

Fig. 3 is a perspective view of the end portkxi of the 
harness and the sensor unit used in the rolling bearing 
of Fig. 1. 

Fig. 4 is a cross sectional view of the portion IV in 
40 Fig. 1. 

Fig. 5 is a perspective view of a coupling spring to 
connect the sensor unit and the cover. 

Fig. 6 is a front elevational view of a cover in another 
example of the present inventkxi. 
^ Fig. 7 is a left skie elevational view of the cover of 
Fig. 6. 

Fig. 8 is a perspective view of a coupling spring to 
connect the sensor unit and the cover. 

Fig. 9 is a front elevational view of a cover in another 
so example of the present invention. 

Fig. 10 is a left skie etevatkxial view of the cover of 
Fig. 6. 

Fig. 1 1 is a perspective view of a coupling spring to 
connect the sensor unit and the cover. 
ss Fig. 1 2 is a cross sectional view of the axially inner 
portion of the rolling bearing to show another embodi- 
ment of the present inventkxi. 

Fig. 1 3 is a left skie etevatkxial view of the cover of 
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Fig. 6. 

Fig. 14 is a perspective view of the end portion of 
the harness and the sensor unit used In the rolling bear- 
ing of Fig. 1. 

Fig. 1 5 Is a perspective view of one of a pair of cou- 
pling springs in Fig. 13. 

Fig. 16 is an enlarged perspective view of the cou- 
pling portion between the cover and the sensor unit of 
Fig. 13. 

Fig. 17 is a cross sectional view of the axlally inner 
portion of the rolling bearing to show another embodh 
ment of the present invention. 

Fig. ISisaperspectivevtewofaportionofthecover 
in another example of the present invention. 

Fig. 19 is a perspective view of the end portion of 
the harness and the sensor unit used in the rolling bear- 
ing of Fig. 1 . 

Fig. 20 is a perspective view of the coupling spring 
used for the cover of Fig. 18. 

Fig. 21 is a cross sectional view of the rolling bear- 
ing unit in another emtxxiiment of the present invention. 

Fig. 22 is a perspective view of the cover used in 
the rolling bearing unit of Fig. 21. 

Fig. 23 is a perspective view of the end portion of 
the harness and the sensor unit used in the rolling bear- 
ing of Fig. 1. 

Fig. 24 is a perspective view of the coupling spring 
used for the cover of Fig. 1 8. 

Fig. 25 is a cross sectional view of the axially inner 
portion of the rolling bearing to show another embodi- 
ment of the present invention. 

Fig. 26 is a perspective view of the cover used in 
the rolling bearing unit of Fig. 21 . 

Fig. 27 is a perspective view of the end portion of 
the harness and the sensor unit used in the rolling bear- 
ing of Fig. 1. 

Fig. 28 is a perspective view of the coupling spring 
used for the cover of Fig. 16. 

Fig. 29 is a side elevational view of the cover with 
the sensor unit removed used in the rolling bearing unit 
of Fig. 25. 

Fig. 30 is an enlarged view of the prior XXX in Fig. 

29. 

Fig. 31 is a perspective view of the cover used in 
the rolling bearing unit of Fig. 21. 

Fig. 32 is a perspective view of the coupling spring 
used for the cover of Fig. 1 8. 

Fig. 33 is a cross sectional view of the axially inner 
portion of the rolling bearing to show another embodi- 
ment of the present invention. 

Fig. 34 is a perspective view of the cover with the 
sensor unit. 

Fig. 35 is a perspective view of the coupling spring 
used tor the cover of Fig. 18. 

Fig. 36 is a view taken in the direction of arrow 
XXXVI in Fig. 35. 

Fig. 37 is a perspective view of the cover and the 
coupling spring to be installed therein. 
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Fig. 38 is a perspective view of the cover with the 
coupling spring. 

Fig. 39 is a perspective view of the cover in the state 
where the sensor unit is to be mounted to the cover by 
s the coupling spring. 

Fig. 40 is a cross sectional view taken akxig the line 
XXXXI-XXXXi of Fig. 38. 

Fig. 41 is a perspective view of the coupling spring 
in another example of the present invention. 

Fig. 42 is a perspective view of the cover with the 
sensor unit mounted thereto. 

Fig. 43 is a perspective view of the cover of Fig. 42 
with the tip portnn of the coupling spring disengaged. 

Fig. 44 is a perspective view of the cover with the 
sensor unit mounted thereto. 

Fig. 45 is a perspective view off the cover of Fig. 42 
with the tip portion of the coupling spring disengaged. 

Fig. 46 is a perspective view of the cover with the 
sensor unit mounted thereto. 

Fig. 47 is a side elevatkxial view of the cover of Fig. 

46. 

Fig. 48 is a perspective view of the coupling spring 
of the cover of Fig. 46. 

Fig. 49 is a view in the direction of arrow XXXXIX in 
Fig. 48. 

Fig. 50 is a view in the directkxi of arrow XXXXIX in 
Fig. 48. 

Fig. 51 is a perspective view of the coupling spring 
in another example of the present invention. 

Fig. 52 is a view taken from the tower skle in Fig. 51. 
Fig. 53 is a view taken in the directbn of arrow 
XXXXXIII in Fig. 51. 

Fig. 54 is a cross sectional view of another embod- 
iment corresponding to the right portbn of Fig. 1 . 

Fig. 55 is a cross sectkxial view of the sensor unit 
with the cover removed. 

Fig. 56 is a perspective view of the cover just before 
the coupling portkxi between the coupling spring and 
the sensor unit is covered. 

Fig. 57 is a perspective view of the cover just before 
the coupling portkxi between the coupling spring and 
the sensor unit is covered. 

Fig. 58 is a perspective view of the coupling spring 
in another example of the present inventkxi. 

Fig. 59 is a cross sectkxial view of another embod- 
iment corresponding to the right portion of Fig. 1 . 

Fig. 60 is a perspective view of the holder to be in- 
stalled in Fig. 59. 

Fig. 61 is a perspective view of the cover to be used 
in Fig. 59. 

Fig. 62 is an end view of the cylindrical support 
member used in Fig. 59. 

Fig. 63 is a perspective view of the cylindrical sup- 
port member of Fig. 59. 

Fig. 64 is a perspective view of the holder taken on 
the opposite side of Fig. 60. 

Fig. 65 is a perspective view of the hokJer in another 
example of the present inventkxi. 
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Fig. 66 is a cross sectional view of another embod- 
iment con^esponding to the right portion of Fig. 1 . 

Fig. 67 is a perspective view of the holder to be In- 
stalled in Fig. 59. 

Fig. 68 Is a perspective view of the cover to be used 
in Fig. 59. 

Fig. 69 is an end view of the cylindrical support 
member used in Fig. 59. 

Fig. 70 is a perspective view of the holder to be In- 
stalled in Fig. 59. 

Fig. 71 is a perspective view of the cover to be used 
in Fig. 59. 

Fig. 72 (A) Is a view taken on the upper side of Fig. 
25 to shown the through hole. 

Fig. 72 (B) is a cross sectional view of a portion 
around the sensor unit or sensor holder In another sam- 
ple. 

Fig. 73 is a diagrammatic view of a basic structure 
of the rotational speed sensor 

Fig. 74 is a diagrammatic view of a basic structure 
of the rotational speed sensor. 

Fig. 75 is a graph showing a signal output from a 
pair of Hall elements of the sensor 

Fig. 76 is a graph showing a synthetic sensor output 
signal of the signals from the Hall elements. 

Preferred Embodiments of the Invention 

Figs. 1 thru 5 show a first embodiment of this inven- 
tion. 

The rolling bearing unit with a rotational speed sen- 
sor comprises a stationary outer ring 1 having a sensor 
unit 39 supported thereby and a hub 2 rotatably support- 
ed by and within the outer ring 1 . The hub 2 has an en- 
coder 3 fixed thereto, the rotational speed of which is 
detected by the sensor unit 39 supported by the outer 
ring 1. 

The stationary outer ring 1 has an inner peripheral 
surface formed with outer ring raceways 5 in double 
rows, while the rotatable hub 2 has an outer peripheral 
surface on which a first inner ring raceway 8a is formed. 
Fitted onto the hub 2 and fixed with a nut 6 to form a 
rotatable ring assembly together with the hub 2 is an 
inner ring 7 which is formed with a second inner ring 
raceway 6b. 

A plurality of rolling members 9 are provided be- 
tween the first and second inner ring raceways 8a, 8b 
and the outer ring raceways 5 and rotatably supported 
by a cage 10 in each row, so that the hub 2 and inner 
ring 7 are rotatably supported within the outer ring 1. 

Provided on the axially outer end portion of the hub 
2 at a portion projected from the axially outer end of the 
outer ring 1 is a flange 11 to which a road wheel (not 
shown) is mounted. The term 'axially outer* means the 
widthwise outer side when installed in the automobile 
and left in Fig. 1. 

Provided on the axially inner end portion of the outer 
ring 1 is a mount portion through which the outer ring 1 



is HDounted to a suspension apparatus (not shown). The 
term 'axially inner" means the widthwise central side 
when installed in the automobile, and right in Fig. 1. 
A seal ring 1 3 is used to cover a space between the 
s axially open end portion of the outer ring 1 and the outer 
peripheral surface at an axially intenmedlate portion of 
the hub 2 . 

Although the rolling bearing unit illustrated is of the 
ball bearing type, the tapered roller type can be used for 

10 the heavy vehicles. 

Fitted onto the outer peripheral surface of the axially 
inner end portion of the inner ring 7 at a portion sepa- 
rated from the inner ring raceway 8b is the encoder 3 
which is made of a magnetic metal plate such as carbon 

IS steel and fonned in a generally annular shape in L- 
shaped cross section by way of a plastic process. 

The opening on the axially inner end (right end in 
Fig. 1)ofthe8tationary outer ring 1 is covered by a cover 
ia This cover 18 comprises a mam body 28, which is 

20 cylindrical and has a bottom and is made by injection 
molding using synthetic resin, and a cylindrical body 29 
that connects through fitting to the open end of the main 
body 28. This cylindrical body 29 Is made by plastic 
molding of anti-corrosive sheet metal such as stainless 

2S steel, and formed into a generally circular ring shape 
having an L-shaped cross section. The cylindrical body 
29 has a cylindrical section 30 for fitting, and an inward 
facing flanged portion or brim portion 31 that bends from 
the base end edge of the cylindrical section 30 (right 

30 edge in Fig. 1 ) inward in the radial direction. By molding 
this inward facing flanged portion 31 into the main body 
28 when perionning injection molding of the main body 
28, it is possible to join this cylindrical body 29 to the 
opening portion of the main body 28. 

^ Several through holes 32 are fonned around this in- 
wanJ facing flanged portion 31 intermittently in the cir- 
cumferential direction. When performing injection nrwkJ- 
ing of the main body 28, the synthetic resin used in the 
injection molding flows into these through holes 32, and 

^ strengthen the bond between the main body 28 and the 
cylindrical body 29. 

The cylindrical section 30 of the cylindrical body 29 
of the cover 1 8, constructed as described above, is fixed 
to the axially inner end portion of the outer ring 1 by way 

^ of interference fitting, so that the cover 18 covers the 
opening at the axially Inner end of the outer ring 1 . More- 
over, in this condition, the end surface of the opening 
portion of the main body 28, or in other words, the end 
surface of the cylindrical wall 36 around the outer pe- 

so ripheral edge of the main body 28, comes Into contact 
with the axially inner end surface of the outer ring 1. A 
groove is formed all the way around the end surface of 
the cylindrical wall 36, and an O-ring 33 is fastened in- 
side this groove. When the end surface of the cylindrical 

ss wall 36 is in contact with the axially inner end surface of 
the outer ring 1 , the O-ring 33 is elastically compressed 
between this axially inner surface of the outer ring 1 and 
the bottom of the groove in the cylindrical wall 36 and 
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seals the cx>nnection between the cover 18 and outer 
ring 1 to prevent foreign matter, such as muddy water, 
from getting inside the cover 18. 

On the other hand, the encoder 3 fits around the 
axially inner end (right end in Fig. 1 ) of the inner ring 7, 
which together with the hub 2, forms the rotating ring 
assembly. This encoder 3 comprises a support ring 34 
and permanent magnet 35. Of these, the support ring 
34 is formed into a circular-ring shape havofig an L- 
shaped cross section by bending magnetic sheet metal 
such as SPCC, arKi is attached to the axially inner end 
of the inner ring 7 by way of interference fitting. Moreo- 
ver, the permanent magnet 35 is formed by providing e. 
g. through molding the axlalty Inner surface of the sup- 
port ring 34 with a rubber that is impregnated with f errite 
power or the like. This permanent magnet 35 is magnet- 
ized along the axial direction (left and right in Fig. 1), 
such that the polarity altemates at equal intervals 
around in the circumferential direction. Accordingly, the 
South and North poles alternate at equal inten/als in the 
circumferential direction on the axially inner surface of 
the encoder 3. 

Moreover, in part of the bottom plate 37 of the main 
body 28 which forms the cover 18. an insert hole 38 is 
formed in the section which faces the axially inner sur- 
face of the permanent magnet 35 of the encoder 3. and 
it passes through the bottom plate 37 along the axial 
direction of the outer ring 1 . The tip end portion of the 
sensor unit 39 is inserted in this insert hole 38. The sen- 
sor unit 39 corresponds to a sensor or a holder which 
holds the sensor This sensor unit 39 comprises a mag- 
net detection elenr^nt, such as a Hall element or magnet 
resistance element (MR element), whose characteris- 
tics change according to the direction of the flowing 
magnetic flux, an IC which contains a wave shaping cir- 
cuit for shaping the output wave of the magnet detection 
element, and a magnetic pole piece for guiding the mag- 
netic flux from the permanent magnet 35 (or that is flow- 
ing through the permanent magnet 35) to the magnet 
detection element, all of which are embedded In syn- 
thetic resin. Also, a hamess 46 is provided so that the 
signal output as a shaped wave form from the IC Is sent 
to the controller (not shown In the figure), and the end 
of the hamess 46 is connected directly to the sensor unit 
39 with no connector used. Accordingly, it is possible to 
reduce the cost of a rolling-bearing unit with rpm detec- 
tor, by the cost of the connector omitted. 

This kind of sensor unit 39 has a circular column- 
shaped insert sectkxi 40 which is kx^ted on a portion 
closer to the tip end (left end In Fig. 1 )) of the sensor 
unit 39, and an outward facing, flange-shaped rim por- 
tkxi 41 . The insert sectkxi 41 can be inserted freely with- 
out any play, into the insert hole 38, and the rim portion 
41 is used for positkxiing and formed on the base end 
(right end in Fig. 1) of this insert sectkxi 40. A groove 
for engagement is formed around the outer surface in 
the mkidle of the insert sectkxi 40, and an O-ring 42 is 
fastened In that groove. When the insert sectkxi 40 is 



inserted through the insert hole 38, the O-ring 42 is elas- 
tically compressed between the inner peripheral surface 
of the Insert hole 38 and the bottom of the groove, form- 
ing a seal between the outer peripheral surface of the 
s Insert sectkxi 40 and the inner peripheral surface of the 
insert hole 38. In c^er words, the O-ring 42 prevents 
foreign matter, such as muddy water, from passing 
through the insert hole 38 to get inskte the cover 1 8 and 
outer ring 1 . In this way, the joint between the statkxiary 

10 ring or outer ring 1 and cover 1 8 is sealed by O-ring 33, 
and the Inserted sectkxi of the sensor unit 39 onto the 
cover 1 8 is sealed by O-ring 42, so as to prevent foreign 
matter from getting into the rolling-bearing unit, making 
It possible to secure the durability of the rolling-bearing 

IS unit, prevent foreign matter, such as magnetic powder, 
from adhering to the sides of the pemnanent magnet 35 
which forms the encoder 3, and maintain the accuracy 
of the rpm detectkxi. If an X-ring, which has an X-shaped 
cross sectkxi, or any other seal ring is used in the place 

20 of the O-ring as a seal ring for sealing the inserted sec- 
tion of the sensor unit 39 into the cover 18, it is possible 
to reduce the force required for inserting the insert sec- 
tion 40 of the sensor unit 39 into the Insert hole 38, thus 
making installatkxi of the sensor unit 39 easier. 

25 On the other hand, on part of the outside surface of 
the txDttom plate 37 of the cover 18 (right side in Fig. 1 , 
and the skie surface, opposite to the space 43 where 
the rolling bodies 9 are kx:ated, and which should be 
covered by the cover 18), a cylindrical body 44 for en- 

30 gagement is formed in the area that surrounds the open- 
ing of the Insert hole 38. The inner peripheral surface of 
this cylindrical body 44 forms a single cylindrk:at surface 
together with the inner peripheral surface of the insert 
hole 38. Moreover, in this embodiment, the side surface 

3S on the end of the opening portion of the cylindrical body 
44 corresponds to the edge around the opening of the 
insert hole 38. Also, on the outer peripheral surface of 
the cylindrk^al body 44, concave sectkxis 45 are formed 
in two kx^atkxis on opposite skies in the diametrical di- 

40 rection. These concave sections are sufTiclently wkJer 
than the outer diameter of the wire material of the cou- 
pling spring 47 (described later). On one side of each 
concave section 45 specifically on the Inside surface 
cksser to the end of the cylindrk:al body 44 (right skie In 

45 Fig. 4), a groove 48 is formed in an arc-shaped cross 
section along the entire width of the concave sectkxis 
45. The radius of curvature of these grooves 48 is the 
same as or a little larger than the radius of curvature of 
the outer peripheral surface of the wire material that 

so forms the coupling spring 47. 

The flanged portkxi or rim portion 41, which is 
formed at the base of the sensor unit 39 and which acts 
as a positkxiing unit, comes in contact with the skJe sur- 
face on the end (right end in Fig. 1) of the cylindrical 

ss body 44 that is fonmed as described above, and is fas- 
tened to the cylindrical body 44 by a coupling spring 47 
(described later). This spring 47 is made of stainless 
spring steel, or spring steel that has been treated with 
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chrome or zir^c plate, or another a wire material that is 
elastic and rust proof and formed by bendings process. 
If a wire material is used that has been plated, it is de- 
hydrogenated to prevent delayed failure. This spring 47 
comprises a pair of legs 49 for engagement, a retainer s 
section 50 and a pair of connection sections 51 . The pair 
of legs 49 become parallel to each other when installed 
in the cylindrical body 44. The retainer section 50 is pro- 
vided for retaining the flanged portion 41 to the end sur- 
face of the cylindrical body 44, and the pair of connection io 
sections 51 is provided to connect tx>th ends of the re- 
tainer 50 to the base (upper right end in Fig. 5) of the 
legs 49. The retainer section 50 has a U-shaped curved 
portion 52 in the center, and a pair of straight portions 
53 bent in opposite directions from both ends of the is 
curved portion 52. The connection sections 51 are bent 
at one end thereof in the same direction from these 
straight portions 53. 

When using this kind of coupling spring 47, the 
plane which includes the pair of legs 49 is parallel to the 20 
plane which includes the retainer 50, at least during use. 
However, an elastic force is applied in the direction 
which decreases the angle of the transition portion 
where one end of the connection section 51 connects 
with the base of the legs 49 in order to reduce the space ^ 
between these planes when this coupling spring 47 is 
free. Moreover, the space D49 (see Fig. 5) between the 
main portions of legs 49 becomes less than the space 
D45 (see Fig. 4) between the concave sections 45. That 
is 049 < D45. Furthermore, the tip ends of both legs 49 30 
are bent outward in opposite directions, and the space 
between at the ends of both legs becomes larger in the 
direction toward the tip end of the legs 49. In other 
words, the closer to the tip end of the legs 49 the larger 
the space between the legs 49 is. 3S 

On the other hand, a groove 54 for retaining the 
spring 47 is formed in the base end face of the flanged 
portion 41 formed around the sensor unit 39 (surface 
opposite the insert section 40, surface on the right end 
in Fig. 1 , and the surface in the front in Fig. 3) so that 40 
the retainer section 50 of the spring 47 fits firmly without 
play in the groove 54. This groove 54 comprises a 
curved or bent section 55 which goes around the base 
end of the harness 46, and straight sections 56 that are 
bent outward from the opposite ends of the curved sec- 45 
tion 55 in opposite directions and open to the outer pe- 
ripheral edge of the flanged portion 41 . Moreover, an 
inclined surface 57 is formed on part of the base end 
face of the flanged portion 41 which faces the convex 
side of the cun^ed section 55. This inclined plane 57 so 
slants in a direction such that the thickness of the flang- 
ed portkxi 41 becomes thinner in the direction toward 
the edge of the flanged portion 41 . In other words, the 
closer to the peripheral edge of the flanged potXion 41 
the thinner the thbkness of the flanged portkxi 41 . ss 

The work to install the sensor unit 39 and attach it 
to the cover 18 when combining each member de- 
scribed above to construct the rolling-bearing unit with 
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rpm detector of this invention, is performed as foltows. 
First, the insert sectk)n 40 ctoser to the tip end of the 
sensor unit 39 is inserted into the cylindrk:al body 44 
and Into the insert hole 38 until the flanged portbn 41 
comes in contact with the tip end surface of the cylindri- 
cal body 44. The dimenskxi of each part is regulated so 
that a small clearance of desired wkith (for example 0.5 
mm) exists between the detectbn sectk>n on the end 
surface of the insert section 40 of the sensor unit 39 and 
the axially inner surface of the permanent magnet 35 of 
the encoder 3. Next, the coupling spring 47 is placed 
between the cylindrical body 44 of the cover 18 and the 
sensor unit 39 to press the flanged portk)n 41 against 
the tip end surface of the cylindrical body 44. 

The work of installing the coupling spring 47 be- 
tween the cylindrk^al body 44 of the cover 18 and the 
sensor unit 39 is performed by inserting first the ends of 
and then the main portk)n of the pair of legs 49 of the 
spring 47 into the concave sections 45 of the cylindrical 
body 44. The space between the ends of both of these 
legs 49 becomes larger toward the tip end, so that the 
insertion process is simple. As the legs 49 are inserted, 
the straight sections 53 of the retainer section 50 moves 
over the inclined plane 57 formed on the flanged portion 
41. In this state, if insertion is cont'viued, the retainer 
section 50 fits into the groove 54 fomned on the base 
end surface of the flanged portbn 41 . When inserting it. 
the space between the pair of connection sectkxis 51 
that are nearest the retainer 50 is made a little larger 
than the outer diameter of the flanged portkxi 41 , so that 
the parts of the pair of connection sections 51 whbh face 
the outer peripheral edge of the flanged portkxi 41 do 
not interfere with the outer peripheral edge of the flang- 
ed portion 41. 

With the retainer sectkxi 50 fit Into the groove 54, 
the coupling spring 47 press the flanged portkxi 41 
against the end surface of the cylindrk:al body 44 with 
adequate force (for example. 10 kgf), and couples the 
sensor unit 39 with the cover 18. Moreover, in this state, 
depending on the fit of the legs 49 in the grooves 48 and 
the fit of the retainer section 50 in the groove 54, the 
coupling spring 47 will not accidentally come apart from 
the sensor unit 39 and cylindrical body 44. As a result, 
the sensor unit 39 will not accklentally come apart from 
the cover 18. 

To remove the sensor unit 39 from the cover 1 8, fol- 
k>wing the above procedure in the reverse order. First, 
the coupling spring 47 is removed from between the cov- 
er 18 and the sensor unit 39. When doing this, first the 
retainer sectbn 50 is lifted from the base end surface of 
the flanged portion 41 , then the pair of legs 49 are pulled 
out from the concave sectkxis 45. After the spring 47 
has been removed, the insert sectkxi 40 of the sensor 
unit 39 is removed from the insert hole 38 and from the 
inside of the cylindrk»l body 44. 

Installing or removing the coupling spring 47 from 
between the cylindrical body 44 of the cover 1 8 and the 
sensor unit 39 can be performed relatively easily and 



6 



11 



EP 0 869 365 A1 



12 



quickly when compared with having to fasten and un- 
fasten setscrews. Moreover, wrth this invention, includ- 
ing this embodiment and the following embodiments, 
the amount of work required for Installing or removing 
the sensor unit 39 from the cover 16 is reduced, and 
makes it possible to reduce the cost the rolling-bear- 
ing unit with rpm detector as well as reduce the cost of 
repair. 

In the explanation above, together with making the 
space between the pair of legs 49 of the coupling 
spring 47 in a free state smaller than the space D45 be- 
tween the pair of concave sectkxis 45 formed on the 
outer peripheral surface of the cyllndncal body 44, the 
grooves 48 are formed in the concave portions 45. How- 
ever, if the space D49 is smaller than the space D45, the 
grooves 48 are not necessary. For example, as shown 
in Fig. 1 , if the concave sections 45 are formed in a 
grooved shape that just albws the legs 49 to fit firmly, it 
is possible to prevent the legs from accidentally coming 
out of the concave portions 45. Conversely, if grooves 
4S are formed, it is possible to prevent the legs 49 from 
accidentally coming out of the concave sections 45 even 
if the space D49 is not smaller than the space D45. An- 
yhow, the shapes and dimenskxis shown in Figs. 4 and 
5 are desirable in order to nrtaintain adequate strength 
in the joint between the cover 18 and sensor unit 39 by 
the spring 47 and make ft easier to install or remove the 
spring 47. 

Next, Figs. 6 thru 8 show a second embodiment of 
the inventkxi. In this embodiment, the cylindrical body 
44 whbh is formed on the axially inner surface of the 
cover 18 comprises an larger diameter sectkxi 60 that 
is the base sectkx) (left in Fig. 7), and a smaller diameter 
sectk)n 61 that is the tip sectbn (right In Fig. 7). Concave 
sectbns 45 are formed at two kx»tk>ns on opposite 
sides in the diametrical directbn on the outer peripheral 
surface of the base-end half of the larger diameter sec- 
tion 60. The width of these concave sections 45 (dimen- 
sion in the left and right directkxi in Fig. 7) is made suf- 
ficiently larger than the outer diameter of the wire mate- 
rial of the spring 47. On the other hand, bent sections 
58 are fonned on the tip ends of the legs 49 which are 
bent toward in the direction of the tip end of the cylindri- 
cal body 44, and bent sectbns 59 are formed on the 
base end of the legs 49 whch are bent toward in the 
directkxi of the tip end of the cylindrical body 44. More- 
over, one end of connectkxi sectkxis 51 is connected to 
the base end of the legs 49. and the other end of the 
connection sections 51 is connected to a retainer 50 
which is bent in the same direction as the legs 49. 

The legs 49 of the spring 47 described above. 
kx)sely fit on the inskle of the concave sections 45, and 
the bent sections 58 fit in cutouts 62, whch are formed 
on part of the outer peripheral surface of the tip end half 
of the larger-diameter section 60 in alignment with one 
end (upper end in Figs. 6 and 7) of the concave sections 
45. The tip ends ofbent sectkxis 58 are bent a little in 
the direction of legs 49 and the tip ends of the bent sec- 



tions 58 are fitted onto the tip end surface (right surface 
in Fig. 7) of the larger-diameter section 60. In this state, 
the spring 47 is supported by the cylindrical body 44 at 
one side thereof so that it can rock freely. Moreover, with 
s this rocking, the retainer sectkxi 50 freely moves in the 
directkxi of the opening of the cylindrical body 44 or the 
opening of the insert hole 38. When actually installed in 
a vehicle with the sensor unit 39 not Installed (see Figs. 
1 and 3), the spring 47 rocks into the position shown by 

10 the doited lines in Figs. 6 and 7 by its own weight, and 
the retainer section 50 moves away from the opening of 
the cylindrical body 44. 

The sensor unit 39, whk^h is connected to the cylin- 
drk:al body 44 constructed as described above, with the 

IS spring 47 as described above, is constructed the same 
as that shown in Figs. 1 thru 5 of the first embodiment 
In order to attach and hokJ this sensor unit 39 on the 
inskle of the cylindrical body 44. the insert sectkxi 40 of 
the sensor unit 39 is inserted into the insert hole 38 in- 

20 skJe the cylindrical body 44 when the retainer sectkxi 
50 is moved away from the opening on the cylindrical 
body 44 as shown by the dotted lines in Figs. 6 and 7, 
and the flanged port kxi 41 comes in contact with the end 
surface of the cylindrical body 44. Next, if the retainer 

2S section 50 is pushed upward in the directkxi of the arrow 
a as shown in Fig. 6 and 7, the retainer section 50 fits 
in the groove 54 formed in the base end surface of the 
flanged portion 41 (Refer to Figs. 1 and 3 for the parts 
of the sensor unit 39). Conversely, when removing the 

30 sensor unit 39 from the cover 1 8. the retainer section 50 
is moved in the directkxi opposite of that shown by the 
arrow a to move this retainer sectkxi 50 away from the 
opening of the cylindrbal body 44, then the insert sec- 
tion 40 of the sensor unit 39 is pulled out from the insert 

ss hole 38 on the inskle of the cylindrical body 44. 

Next, a third embodiment of the inventkxi is shown 
in Figs. 9 thru 11. In this embodiment, a flanged portion 
64 with a pair of parallel straight edges 63 is fonned on 
the outer peripheral surface on the tip end skte of the 

40 cylindrk:al body 44. In the case of this embodiment, the 
spaces between the outskte surface of the cover 1 8, and 
the inskJe surface of the flanged portion 64, specifically 
of the straight edges, form the concave sections 45 for 
attaching the ends of the legs 49 of the spring 47 to be 

^ described later in Fig. 11. Moreover, a pair of inclined 
edges 65 are formed on one end (left end in Fig 9) of 
the flanged portkxi 64, such that the wktth (vertk^al di- 
rection in Figs. 9 and 10) of the flanged portion 64 be- 
comes smaller in the direction of the edge. Also, provkJ- 

so ed at two kx^tions on the straight edges 63 are first cut- 
outs 66 and second cutouts 67 which are in alignment 
with each other. Of these, the first cutouts 66, whch are 
formed on the sides of the inclined edges 65, have one 
skie edge whk:h is inclined such that it is closer to the 
second cutouts 67 as rt is cbser to the edge (upper or 
tower edge in Fig. 9) of the fianged portions 64. On the 
other end of the flanged portions 64 (right end in Fig. 9). 
the wkith (vertk:al direction in Fig. 9) of the portion de- 



13 



EP0869 365A1 



14 



fining one side of the second cutouts 67 (right side in 
Fig. 9) is larger than the width of the section between 
the first and second cutouts 66, 67. 

On the other harKi, the coupling spring 47 used for 
connecting the cover 18, as described above, with the 
sensor unit 39 (see Figs. 1 and 3) comprises a pair of 
legs 49, and a retainer section 50 that is suspended be- 
tween this pair of legs 49. Both ends of this retainer sec- 
tion 50 and the tip ends of the pair of legs 49 (left end 
in Fig. 9 and bottom left end in Fig. 11) are connected 
by a curved connection sections 51 . These connection 
sections 51, in a free state, have a spring force in the 
direction that brings both ends of the retainer section 50 
toward the pair of legs 49. 

Furthermore, bent sections 68 whk:h bend toward 
the flanged portions 64 are formed on the base ends of 
the legs 49 (right end in Fig. 9 and upper right ends in 
Fig 11). In the example shown in the figures, the space 
between the pair of bent sections 68 is made to be larger 
than the space between the legs 49. The reason for this 
is to maintain the depth of the engagement between the 
legs 49 and the concave sections 45, and to maintain 
the connection strength between the spring 47 and the 
sensor unit 39. as well as to prevent the coupling force 
between the bent sections 68 and the first and second 
cutouts 66, 67 from becoming to large. 

The spring 47, shaped as described atxsve, is sup- 
ported by the cylindrical body 44 so that rt can freely 
move parallel with the straight edges 63. In this state, 
as the spring 47 moves, the retainer section 50 can 
move away from and toward the opening of the cylindri- 
cal body 44 which is along the opening of the insert hole 
38. When actually installed in a vehicle, with the sensor 
unit 39 not installed, the spring 47 functions such that in 
the direction of the chain lines shown In Fig. 9, with the 
bent sections 68 engaged with the first cutouts 66, the 
retainer section 50 is moved away from the opening on 
the cylindrical body 44. The rolling-bearing unit is then 
delivered from the manufacturer to the vehicle assembly 
plant with the bent section 68 engaged with the first cut- 
outs 66. In this state, the spring 47 will not stick out in 
the radial direction from the outer peripheral suriace of 
the cover 1 8. Therefore, the spring 47 does not interfere 
with the process for supporting the rolling-bearing unit 
on the vehicle suspension mount while inserting the cov- 
er 18 into the knuckle support hole (not shown in the 
drawings). 

The sensor unit 39, that is connected to the cylin- 
drical body 44 by the spring 47 as described above, is 
formed the same as that shown in Figs. 1 thru 5 for em- 
bodiment 1 . To hoki and fasten this sensor on the inside 
of the cylindrical body 44, the retainer section 50 is 
moved away from the opening of the cylindrical body 44 
as shown by the chain lines in Fig. 9, and the insert sec- 
tk3n 40 of the sensor unit 39 is inserted into the insert 
hole 38 on the Inskie of the cylindrical body 44, until the 
flanged portbn 41 of the sensor unit 39 comes in contact 
with the end surface of the cylindrical body 44. Next, the 



retainer sectkxi 50 is pushed to the right as shown in 
Fig. 9 (radially outskie direction), until the retainer sec- 
tion 50 Is engaged with the groove 54 formed on the 
base end surface of the flanged portkxi 41 (refer to Figs. 
s 1 and 3 for details about parts of the sensor unit 39). 
With the retainer sectk>n 50 fitted in the groove 54, the 
bent sections 68 are engaged with the second cutouts 
67. 

When connecting the sensor unit 39 to the cover 18 

10 with the spring 47, the bent sections 68 move from the 
first cutouts 66 to the second cutouts 67. It is easy to 
move the spring 47 due to the inclined edges on one 
sde of the first cutouts 66. Moreover, the wkfth (vertical 
directkxi in Fig. 9) of the other end (right end in Fig. 9) 

IS of the flanged porttons 64 is larger than the width of the 
first cutouts 66 and second cutouts 67 adjacent the first 
cutouts 66. so the bent sections 68 can not be nrxsved 
past the second cutouts 67. 

The sensor unit 39 is removed from the cover 1 8 by 

20 performing the at)ove procedure in the reverse order, by 
moving the spring 47 to the left as shown in the figure 
until it is in the position shown by the chain lines in Fig. 
9. To move the spring 47, the retainer sectkvt 50 is lifted 
up from the base end surface of the flanged portk>n 41 . 

25 and by opening the space between the bent sections 
68. The retainer sectk>n 50 is then moved away from the 
opening of the cylindrical body 44, and the insert sectbn 
40 of the sensor unit 39 is pulled out from the insert hole 

38 on the inside of the cylindrical body 44. 

30 Next, a fourth enrtbodiment of the invention is shown 
in Figs. 12thru16. Inthis embodiment, the sensor unit 

39 is connected to the cylindrical body 44 of the cover 
18 using a pair of springs 47. Therefore, two support 
pieces 72 in a set are fonned. separated from each oth- 

3S er, at two kx»tkxis on opposite skJes in the diametrical 
directkxi on the outer peripheral surface of the cylindri- 
cal body 44. These support pieces 72 are formed with 
an arc shape, so that the tip end or pivot supports 73 
are formed on both ends of the spring 47 to be described 

40 later can be supported so they freely rock on the inskJe 
of the support pieces 72. This pair of support pieces 72 
are formed on opposite sides In the circumferential di- 
rection on the outer peripheral surface of the cylindrical 
body 44, so that there is no interference of the springs 

45 47 with other parts as the pair of springs 47 pivotally 
supported by these support pieces 72 rock. 

The pair of springs 47 have a straight retainer sec- 
tion 50, a pair of pivot supports 73 and a pair of elastk: 
legs 74 that are bent into a 'V shape to connect the 

so retainer section 50 to the pair of supports 73, as shown 
in Fig. 15. The elastic legs 74 are elastically deformed 
in the direction of ekxigatbn, when a tensile force is ap- 
plied, making it possible for the retainer sectkxi 50 and 
the supports 73 to be separated from each other. The 

ss pair of pivot supports 73 on both ends of the coupling 
springs 47 are oriented to conform with the support piec- 
es 72 whk:h support both pivot supports 73. causing the 
pivot supports 73 to be slanted, respectively. Moreover, 
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the space 073 between the tip ends of the pair of sup- 
ports 72 in a free state Is sufficientiy larger than the 
space D72 between the pair of pivot support pieces 73. 
That Is 673 > D72. 

On the other hand, a pair ofparallel grooves 54 are s 
formed on the base end surface of the flanged portion 
41 of the sensor unit 39 with the harness 46 located ther- 
ebetween. The retainer sections 50 of the springs 47 fit 
firmly Into these grooves 54. Moreover, on opposite 
sides in the radial direction of the base end surface of 10 
the flanged portion 41, inclined surfaces 57 are formed 
on the outer peripheral side of the grooves toward the 
edges, such that the thickness of the flanged portion 41 
becomes smaller toward the edge of the flanged portion 
41 from the grooves 54. is 

To hold artd fasten the sensor unit 39 described 
atx>ve inside the cylindrical body 44, first the pivot sup- 
ports 73 of the pair of springs 47 are engaged with the 
pair of support pieces 72, respectively. This wori( can be 
easily performed in a wide space. By rocking the pair of 20 
springs 47 toward the side of the cylindrical body 44, the 
retainer sections 50 are moved away from the opening 
of the cyltndrical body 44, and in the state, the insert 
sectk)n 40 of the sensor unit 39 is Inserted into the Insert 
hole 38 on the inskie of the cylindrk»l body 44 until the ^ 
flanged portion 41 comes in contact with the tip end sur- 
face of the cylindrical body 44. In this state, the dimen- 
sions of each part are regulated so that the minute spec- 
ified space exists between the detector on the tip end 
surface of the Insert sectbn 40 of the sensor unit 39, 30 
and the axially inner surface of the circular ring portion 
16 the encoder 3. Next, the pair of coupling springs 
47 are rocked in the directkyi whk:h brings the retainer 
sectbns 50 ck)ser to the flanged portion 41 . so that the 
retainer sections 50 are engaged with the pair of 3S 
grooves 54 formed on the base end surface of the flang- 
ed portion 41 . When doing this, the elastic legs 74 will 
elastically stretch due to the engagement of the retainer 
sectk>n8 50 and the inclined surfaces 57. Also, when the 
retainer section 50 are in alignment with the grooves 54, 40 
the entire length of the elastk; legs 74 elastically shrinks, 
to keep the engagement of the retainer sectkxis 50 and 
grooves 54. 

The sensor unit 39 is removed from the cover 18 by 
folbwing the above procedure In the reverse order. The 45 
springs 47 are rocked toward the side of the cylindrical 
t)ody 44 and the retainer sections 50 of the springs 47 
are removed from the grooves 54. By moving the retain- 
er sectkxis 50 away from the opening of the cylindrical 
body 44 , the insert section 40 of the sensor unit 39 can so 
be pulled out from the insert hole 38 on the inside of the 
cylindrk:al body 44. 

In this embodiment, an encoder 3, which is identk:al 
to that used in the prior constructkxi shown In Japanese 
Utility Model Publlcatkx) JITSUKAI HEI No. 7-31 539, Is ss 
fitted around the axially inner end of the Inner ring 7, 
which together with the hub 2, makes up the rotating 
ring assembly. Partk:ulariy in the constructkxi of this em- 
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bodiment, a small-diameter stepped sectkxi 69 is 
formed on the part of the axially inner end of the inner 
ring 7 that stk:ks out in the axial direction from the inner- 
ring raceway 8, and is concentric with the inner ring 7. 
Also, the cylindrical section 15 of the encoder 3 fits 
around the stepped section 69. The reason for forming 
this kind of stepped section 69 is that it Is not necessary 
to Increase the diameter of the cover 18 and that the 
encoder 3 faces the t^ end surface of the insert sectkxi 
40 of the sensor unit 39. 

In other words, in order that the rolling members 9 
do not come out of the inner-ring raceway 8b formed 
around the outer peripheral surface of the Inner ring 7, 
even when a large thrust k>ad or moment toad is applied 
to the rolling-bearing unit, a shoukier 70 with adequately 
large outer diameter must be formed on the portion 
stk:king out in the axial direction from the inner-ring 
raceway 8 on the axially inner end of the inner ring 7. 
On the other hand, in order to detect the rpm of the ro- 
tating ring assembly, which includes the inner ring 7, the 
circular portion 16 of the encoder 3 must face the tip end 
surface of the insert sectkxi 40. By fitting the cylindrical 
section 1 5 of the encoder 3 around the shoukier sectkxi 
70 itself, the diameter of the circular portkxi 1 6 becomes 
larger than necessary, and thus the diameter of the cov- 
er 18 which supports the sensor unit 39 facing this dr- 
cular portion 16 may become larger than necessary. 
Therefore, by forming a stepped section 69 as described 
above, and fitting the encoder 3 around this stepped 
section 69, It is possible to prevent the diameter of the 
encoder 3 and cover 1 8 from becoming larger than nec- 
essary, and it is possible to make a more compact roll- 
ing-bearing unit with rpm detector Of course this con- 
structkxi is not limited to only this embodiment, but couki 
be equally applied to other embodiments as well. 

Furthermore, in the embodiment shown in the fig- 
ures, a cylindrbal sectkxi 71 is formed on the axially in- 
ner end of the hub 2, and the inner ring 7 is connected 
and fixed to the hub 2 by expanding through crimping 
outward in the radial direction the portkxi stk:king out 
from the axially inner surface of the inner ring 7 on the 
tip end of this cylindrical sectkxi 71. By adopting this 
kind of constructkxi, it is possible to reduce the cost of 
the rolling bearing unit when compared with the prior 
constmctkxi of JP Publk»tkxi HEI No. 7-31539 or the 
first embodiment of this invention shown in Fig. 1, by 
reducing number of parts and the amount of work re- 
quired for assembly. When expanding the tip end of the 
cylindrical section 71 through crimping outward in the 
radial directkxi. force is applied outward in the radial di- 
rection to part of the inner ring 7. If this force is large, 
the diameter of the inner-ring raceway 8 couki be 
changed, so as to change the prek>ad applied to the roll- 
ing members 9. However, in this embodiment, most of 
the force, resulting from expanding the tip end of the 
cylindrbal sectkxi 71 through crimping, is received by 
the stepped sectkxi 69 and is not applied to the inner- 
ring raceway 8. Therefore, there is hardly any change 
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in the preload. This kind of construction can be applied 
to other embodiments as well. 

In this embodiment, the encoder 3 used was made 
of magnetic material with multiple through holes 17 in 
the shape of slits formed around the circular ring section s 
16. Also, the construction of the sensor installed in the 
sensor unit 39 is different than that having a permanent 
magnet used as the encoder. However, the construction 
and use of this kind of sensor, has been known previ- 
ously and Is not related to the gist of this inventkxi, so io 
a detailed explanation of it will be omitted, tn the case 
that an MR element is used in the sensor, the orientation 
of the MR elements must be regulated by the relatkxi- 
ship of the ksngitudinal dlrectk)n of the through holes 17 
(radial direction of the circular section 16). In this em- is 
bodiment, it is possible to regulate the direction of the 
sensor unit 39 with respect to the cover IB by engage- 
ment between the retainer sectk)ns 50 and the grooves 
54. and thus it is possible to regulate the orientation of 
the MR element by Its relationship with the kxigitudinal 20 
direction of the through holes 17 without any special 
means for positioning. 

Next, Figs. 17 thru 20 show a fifth embodiment of 
the Invention. In this embodiment, a pair of holes 75, 
that pass through the wall of the cytindrbal body 44, are ^5 
formed in the shape of slits on opposite skies in the di- 
ametrical directkxi of part of the cylindrical body 44 
formed in the cover 18. Also, grooves 76 are formed on 
opposite sides in the diametrical direction on part of the 
insert section 40 of the sensor unit 39. When the flanged 30 
portk)n 41 on the base end (right end in Figs. 1 7 and 1 9) 
of the sensor unit 39 comes into contact with the tip end 
surface of the cylindrical body 44, the holes 75 are near- 
ly matched with the grooves 76, being shifted from each 
other just a little in the axial direction. In other words, in 3S 
this state, the dimensk)ns are regulated such that the 
grooves 76 are just a little cbser toward the tip end sur- 
face of the cylindrical body 44 than the holes 75 (toward 
the right in Figs, 17 and 18). 

The spring 47 for connecting and fastennig the sen- 40 
sor unit 39 to the cylindrical body 44 formed in the cover 
18, described above, is a corrugated plate spring that is 
generally U-shaped, C-shaped or semi-circular shaped, 
as shown in Fig. 20. When connecting the sensor unit 
39 to the cylindrical body 44, first, the insert section 40 45 
of the sensor unit 39 is inserted to the cylindrk:al body 
44 until the flanged portion 41 comes into contact with 
the tip end surface of the cylindrical body 44 and the 
holes 75 are partially matched with the grooves 76. Also, 
in this state, the spring 47 is inserted in both of these so 
holes 75 and grooves 76 by elastically pinching the 
thk:kness dimenskxi of the spring 47. The spring 47 that 
has been inserted in both of these holes 75 and grooves 
76 props against the inside surface 77 on the tip end 
side (right side in Fig. 18) of the holes 75 with respect ss 
to the cylindrical body 44 and the inside surface 78 on 
the tip end side (left side in Fig. 19) of the grooves 76 
with respect to the sensor un it 39, so as to apply a spring 
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force on the insert section 40 of the sensor unit 39 in the 
directbn of pulling the insert portion 40 inside the cylin- 
drnal body 44. 

Next, Figs. 21 thru 24 show a sixth embodiment of 
the inventkxi. All of the embodiments described above, 
are for the application of this invention in a rolling-t>ear- 
ing unit for supporting non-driven wheels, (rear wheels 
in FF vehk:les, or front wheel in FR vehicles), however, 
this embodiment and the seventh embodiment are for 
applicatkm of this invention in a rolling-bearing unit for 
supporting driven wheels (front wheels for FF vehcles, 
rear wheels for FR vehrcles. and all wheels in 4WD ve- 
hicies). Therefore, the hub 2 in this embodiment, is 
formed in a cylindrical shaped body, having a spline hole 
79 into whtoh a constant-velocity joint shaft can be freely 
inserted. Moreover, to prevent interference with thecon- 
stant-vekx:ity joint, the cover 18 is formed in a circular 
ring shape, and the sensor unit 39 is kx:ated in the radial 
directkxi of the cover 18. 

Therefore, m this embodiment, an eave-shaped in- 
stallation-flange sectkxi 80 is formed on part of the out- 
skle surface of the cover 18, and an insert hole 38 that 
runs in the radial directkxi of the cover 18 Is fonned in 
this installation-flange section 80. In this embodiment, 
this insert hole 38 has a square cross sectkxi. Moreover, 
a groove 48 is formed on the inner circumferential sur- 
face on the end of the installatkxi-flange section 80, and 
a hole 81 is formed on the base end of the installation- 
flange sectk>n 80, such that both run in the circumferen- 
tial direction of the cover 18. Also, the sensor unit 39 
comprises an insert sectkxi 40 with a square cross sec- 
tion, such that it can be freely inserted firmly in the insert 
hole 38 and a outward facing flanged portion 41 formed 
on the base end of the insert section 40. Moreover, a 
groove 54 and inclined surface 57, identnal to that in 
the first embodiment described above, are formed on 
the base end of the flanged portkxi 41 . The detector por- 
tion which faces the axially inner surface of the perma- 
nent magnet 35 of the encoder 3, is located on the out- 
skte surface on the tip end of the Insert sectkxi 40 (left 
side on the bottom end of Fig. 21). 

The spring 47 for connecting and fastening the sen- 
sor unit 39 to the installatkxi-flange sectkxi 80 has a pair 
of legs 49. and a retainer sectkxi 50 which spans be- 
tween the pair of legs 49. ProvkJed on both ends of the 
retainer sectbn 50 are curved-shaped connectkxi sec- 
tions 51 which connect the retainer sectkxi 50 with one 
end of the legs 49. These connection sectkxis 51 , when 
free, have a spring force which acts in the direction that 
brings both ends of the retainer sectkxi 50 and the legs 
49 together. Also, the legs 49 are straight up to the tip 
end. 

To connect and fasten the sensor unit 39 to the in- 
staHation-flange sectkxi 80 , described above, using the 
spring 47, also described above, the insert sectkxi 40 
of the sensor unit 39 is inserted into the insert hole 38 
of the installation-flange sectkxi 80 inward from the out- 
skte in the radial directkxi, in a state where the spring 
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47 is removed. It is inserted until the flanged portion 41 
comes in contact with the outer peripheral surface of the 
Installation-flange section 60. Next, the space between 
the pair of legs 49 and the retainer section 50 of the cou- 
pling spring 47 is opened, and the legs 49 are inserted 
into or engaged with the groove 48 and hole 81 , and the 
retainer section 50 moves over the base end surface of 
the flanged portion 41 . The retainer section 50 then fits 
into the groove 54 formed on the base end surface of 
the flanged portion 41. 

The construction of this embodiment as well, makes 
it possible to reduce the amount of work required for in- 
stalling or removing the sensor unit 39 in or from the 
cover 18, reduce the cost of the rolling-t}earing unit with 
rpm detector itself and reduce the cost of repairs. In the 
construction of this emtxxliment, a seal ring 82 is fas> 
tened inside the inner peripheral surface on the axially 
Inner inside end of the outer ring 1 , and by constructing 
a seal ring by combining this seal ring 82 with the sup- 
port ring 34 of the encoder 3, it is possible to prevent 
foreign matter for getting into the space 43 where the 
rolling members 9 are kxated. 

Next, Figs. 25 thm 30 show a seventh embodiment 
of the inventbn. In this embodiment. The main t)Ody 28 
of the cover 18 whk:h is made of synthetic resin is 
formed generally circumferentialty with an L-shaped 
cross section. Also, the cylindrical wall 36 of the cover 
18 Is thk:k in one place, and an Insert hole 38 that runs 
in the radial directkxi of the cover 18 is formed in this 
thick part. In this embodiment, this Insert hole 38 and 
the insert section 40 of the sensor unit 39, which is in- 
serted into this insert hole 38, both have an circular 
cross section. 

Instead that the cross sectkxi of the insert hole 38 
and the insert section 40 are circular in this way, in this 
embodiment, the sensor unit 39 is prevented from turn- 
ing by fitting the flanged portion 41 on the base end of 
the sensor unit 39 with a stepped sectkxi 87 fomned in 
the center portion of the cylindrical wall 36 of the cover 
18. Inotherwords,theflangedportbn41 is substantially 
'D' shaped, and by forming a flat surface 83 on part of 
the outer peripheral surface of the flanged portion 41 , 
when the insert section 40 is inserted into the insert hole 
38, the stepped sectkxi 87 and flat surface 83 come in 
contact with or close to each other. In this embodiment, 
by forming this kind of flat surface 83, the sensor unit 39 
is prevented from turning, and at the same time, the re- 
quired dimension in the axial directkxi (right and left di- 
rectkxi in Fig. 25) for installing the sensor unit 39 is re- 
duced. Moreover, a groove 54 and inclined surface 57 
are formed on the base end surface of the flanged por- 
tion 41 in the same way as in embodiments 1 thru 3 and 
6. When the sensor unit 39 is connected and fastened 
to the cover 18, the retainer sectkxi 50 of the spring 47. 
described later, is engaged with the groove 54. and the 
flanged portk)n 41 is supported on the outer peripheral 
surface of the cylindrk^al wall portion 36. 

The spring 47 used in this embodiment has a retain- 



er sectkxi 50 in the center, legs 49 on both ends and 
connectkx) sectbns 51 for connecting the retainer sec- 
tkxi 50 to the legs 49 as shown In Fig. 28. The legs 49 
are formed in a pivot shape, andtheconnectkxisectkxis 
s 51 are formed in a substantially quarter circle shape, re- 
spectively. The legs 49 are bent in opposing directions 
from the ends of the connectkxi sections 51. and are 
coaxially aligned. On part of the outer surface of the 
stepped sectbn 87 of the cover 18, which is to support 

10 the legs 49, there are two hook-shaped pivot supports 
84 formed in two kx:ations on opposite skJes in the dia- 
metrk:al directkxi with the insert hole 38 as the center 
therebetween. When the spring 47 is free, the space 049 
between both tip ends of the legs 49 is sufficiently larger 

IS than the space D34 (not shown in the figures) between 
the pair of pivot supports 84. That Is D49 > Dq4. Moreo- 
ver, these pivot supports 84 are open only on the side 
opposite from the Insert hole 38. With the legs 49 fitted 
into the pivot supports 84, the legs cannot shift toward 

20 the Insert hole 38. The pivot supports for supporting the 
legs 49 are not limited to a hook shape as shown in the 
figures, but can be kx)p-shape. holes, or the like. 

On the outer surface of part of the bottom plate 37 
of the cover 18, in alignment with the insert hole 38, a 

^ hook 85 for hoMing the retainer sectkxi 50 is formed in 
one piece with the cover 18 when it fonned out of syn- 
thetic resin using injectkxi molding. The spring 47 is in- 
stalled in the cover 18 and left in the position shown in 
Fig. 29 by the manufacturer of the rolling-bearing unit. 

30 In other words, the legs 49 are placed in the pivot sup- 
ports 84 and the retainer sectkxi 50 is placed in the hook 
85. In this state, the retainer sectkxi 50 is moved away 
from the opening of the insert hole 38 so that it is not in 
the way when inserting the insert sectkxi 40 of the sen- 

3S sor unit 39 into the insert hole 38. Moreover, in this state, 
the spring 47 does not stick out in the radial directkxi 
from the outer peripheral surface of the cover 1 8. There- 
fore, the spring 47 does not interfere with supporting the 
rolling-bearing unit on the vehk:le suspenskxi mount 

40 when the cover 18 is inserted into the knuckle support 
hole (not shown in the drawings). An inclined edge 86 
is formed on part of the hook 85, such that it is easy to 
fit the retainer sectk)n 50 into the hook 85. In the em- 
bodiment shown in the figures, the hook 85 is engaged 

45 with the U-shaped cun^ed sectkxi 52 of the spring 47. 
However, it is also possible to engage a pair of straight 
sections 53, located on both sides of the curved sectkxi 
52, with the hook. In this case, a pair of hooks that are 
separated by a space are formed. 

so When hokling and fastening the sensor unit 39 to 
the cylindrbal wall portkxi 36 of the cover 18, construct- 
ed as described atx>ve, using the spring 47, also de- 
scribed above, the retainer section 50 of the spring 47 
is moved away from the insert hole 38 as shown in Fig. 

ss 29. Also, in this state, the insert section 40 of the sensor 
unit 39 is inserted inward from outskie in the radial di- 
rection into the insert hole 38 formed on the cylindrical 
wall portion 38. Moreover, the flanged portkxi 41 comes 
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in contact with outer peripheral surface of the thick por- 
tion on the cylindrical wall portion 36, and the stepped 
section 87 comes into tight contact with or close to the 
flat surface 83. Next, the retainer section 50 of the spring 
47 Is removed from the hook 85 and the spring 47 is s 
rocked in the counterckx:kwise direction with the legs 
49 as the center in Fig. 29 and the retainer sectksn 50 
moves over the base end surface of the flanged portion 
41. This retainer section 50 is then engaged with the 
groove 54 that Is formed on the base end surface of the to 
flanged portbn 41. 

In the constructk)n of this embodiment, the radially 
outer half of the reinforcing metal member 88 of the seal 
ring 82 is embedded in the Inner peripheral edge of the 
circular bottom plate 37 of the cover 16, and the seal lip is 
69 formed all the way around on the inside peripheral 
edge of the reinforcing piece 88 has a tip end edge sli- 
dably around the outer peripheral surface of the con- 
stant-velocity joint 90. In this embodiment, this seal lip 
89 prevents foreign matter from getting inskie the space 20 
43 where the rolling members 9 are kx^ted. This also 
prevents foreign matter from getting into the encoder 3. 

Next, Figs. 31 and 32 show an eighth embodiment 
of the rnventkm. In this embodiment, pivot supports 84 
for supporting the legs 49 of the spring 47 are formed in 2S 
two protruding sectnns 91 that are formed on opposite 
sides in the diametrical direction of the stepped section 
87. Also, on the surfaces of these protmdlng sections 
91 which face away from each other, bottomed holes 92 
are formed which do not go through to the Inner periph- 30 
eral surface of the cover 18 and they are concentric. 
Moreover, as shown in Fig. 32, the spring 47 whk:h is 
used in this embodiment, is such that the pair of legs 49 
formed on the ends of connectkxi sections 51 which 
connect to both ends of the retainer sectkxi 50, are bent ss 
toward each other These legs 49 are arranged so they 
are coaxial with each other. Also, these legs 49 fit into 
the concave holes 92 of the pivot supports 84 to support 
the spring 47 with respect to the cover 16, so that it can 
rock freely. In order that the legs 49 do not come out of ^ 
the pivot supports 84, when the spring 47 is free, the 
space D49 between the pair of tip ends of the legs 49 is 
sufficiently less than the space D94, (not shown in the 
figure) between the pair of pivot supports 84. That is D49 
< Dg4. Furthermore, the connectk>n sections 51 of the 45 
spring 47 have required spring strength atong their en- 
tire short length, and therefore have a serpentining 
shape. The other construction and functions of this em- 
bodiment are substantially the same as those described 
In the seventh embodiment. so 

Next, Figs. 33 thru 39 show a ninth embodiment of 
the inventkxi. The opening on the axialty inskie end 
(right end in Fig. 33) of the outer ring 1 , whk:h is the 
statkxiary ring, is covered with a cover 18. This cover 
16 as In the oonstructkxi of the first embodiment de- ss 
scribed above, comprises a main body 26, whbh Is 
formed by injection moUing using synthetic resin into a 
cylindrical shape with a bottom, and a cylindrical body 
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29 that connects to the opening of the main body 26. 
Moreover, the inner ring 7, which together with the hub 
2 forms the rotating ring assembly, fits around the axially 
inner end of the hub 2 as In the embodiment shown in 
Fig. 12, and further fastened to the hub 2 by crimping 
part of the hub 2 outward in the radial directkxi. An en- 
coder 3, having the same construction as in the prk>r art 
encoder shown in JP Publk:ation HEI No. 7-31539, fits 
on the stepped sectk>n 69 formed on the axially Inner 
end (right end in Fig, 33) of this Inner ring 7. 

Also, on part of the bottom plate 37 of the main body 
28 of the cover 18, an insert hole 38 is formed to face 
the axially inner surface of the circular section 16 of the 
encoder 3, and this insert hole 38 goes through the bot- 
tom plate 37 and runs in the axial directkxi of the outer 
ring 1. Furthermore, in part of the outer surface of the 
bottom plate 37 (surface opposite of the space where 
the rolling members 9 are located and which is sup- 
posed to be covered by the cover 18, or the right skie 
surface in Fig 33), a cylindrical body 44 is formed around 
the opening of the insert hole 38, and it forms a single 
cylindrcal surface together with the inskJe peripheral 
surface of the insert hole 38. The tip end portion of a 
sensor unit 39 as described in the first embodiment (see 
Figs. 1 and 3) is inserted inside the insert hole 38 of the 
bc^om plate 37 and cylindrk^l body 44. 

On the other hand, on the portkxi ctoser to the base 
end of the cylindrrcal body 44 (left end in Figs. 34, 37, 
38, and 39), a pair of concentric support holes 93 are 
formed on nearly opposite skies in the diametrical direc- 
tion of the cylindrical body 44. These support holes 93 
do not go through to the inskie of the cylindrk:al body 
44. The reason for this is to prevent foreign matter from 
getting inside the cylindrcal body 44 through these sup- 
port holes 93. Furthermore, on the outer surface of the 
bottom plate 37, in a location near the outer peripheral 
surface of the cylindrical body 44, a pair of stop plates 
94 are formed in one piece with the cover 18, and sen^e 
as a means for preventing the spring from coming out. 
Both stopper plates 94 are kx^ated just separated from 
the extenskxi line of the support holes 93, In the embod- 
iment shown in the figures, the support holes 93 are dis- 
placed just a little outward in the radial direction of the 
cover 1 8 (top in Figs. 34, 37, 38 and 39) just off of being 
on opposite sides in the diametrical direction of the cy- 
lindrteal body 44. With respect to them, the stopper 
plates 94 are formed on completely opposite skies in 
the diametrical direction of the cylindrcal body 44. Fur- 
thermore, provkled between the edges of the stopper 
plates 94 that face toward each other and the outer pe- 
ripheral surface of the cylindrical body 44, is a space 
into which the base end portkxi of the spring 95 (de- 
scribed later) is freely inserted. 

On both ends of the spring 95 which connects the 
sensor unit 39 to the cover 1 8. a pair of concentric pivot 
supports 96 are formed such that the surfaces on the tip 
ends thereof are faced to each other. Also, a retainer 
section 97 is formed In the center of the spring 95 such 
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that it presses the flanged portion 41 of the sensor unit 
39 toward the end surface of the opening on the cylin- 
drical body 44. This retainer section 97 is formed of the 
bent wire portion of the spring 95. and comprised of con- 
centric straight sections 98 on both ends thereof and a s 
semi-circular curved section 99 between these straight 
sections 98. Moreover, in the center of this cun^ed sec- 
tion 99, there is a bent grip section 100 that is bent to- 
ward the opposite side of the pivot supports 96. This 
bent grip section 1 00 Is used for taking hold of the spring io 
95 by finger when rTK>ving the retainer section 97 away 
from or toward the flanged portion 41 so as to remove 
or installing the sensor unit 39 to the cover 18. There- 
fore, the width W^qq (see Fig. 36) ofthe bent grip section 
1 00 is wide enough for the thumb when taldng hold of it is 
(for example 15 mm or less). FurtherrrxDre. both ends of 
the retainer section 97 and the pivot supports 96 are 
connected to each other by elastically defonmable sec- 
tions 1 01 . These elastically defonmable sections 101 are 
formed in a "V' shape or arc shape by bending the wire 20 
material, and they shrink elastk;ally in the directkm of 
their length. 

On the other hand, on the base end surface (surface 
opposite of the insert sectbn 40, or the right end surface 
in Figs. 33, 34. and 39) of the flanged portk>n 41 formed 2S 
on the sensor unit 39. there is a groove 54 and inclined 
surface 57 that are substantially the same as those de- 
scribed In the first embodiment for firmly fitting the re- 
tainer sectkxi 97 of the spring 95. 

The work of combining all of the components de- 30 
scribed above, and installing the sensor unit 39 into the 
cover 18 as part of the rolling-bearing unit with rpm de- 
tector of this embodiment is performed as follows. First, 
before putting the sensor unit 39 and cover 18 together, 
the sprmg 95 is placed into the cylrndncal body 44 of the 3S 
cover 18. Installatbn Is performed, first by placing the 
entire spring 95 outward in the radial direction from the 
cover 1 8 and outside in the radial direction from the stop- 
per plates 94 as shown in Fig. 37. Then in this state, the 
space between the pair of pivot supports 96 is elastically ^ 
opened up and these pivot supports 96 are lined up with 
the support holes 93 and the pivot supports 96 are in- 
serted into the support holes 93. When doing this, the 
stopper plates 94 do not interfere with the work of insert- 
ing the pivot supports 96 into the support holes 93. 45 

As described above, with the base ends (ends with 
the pivot supports 96) of the spring 95 is pivotally sup- 
ported in the cylindrical body 44, the spring 95 is then 
tilted to the position shown in Fig. 38 with the pivot sup- 
ports 96 as the center. In other words, the spring 95 is so 
tilted until part of the elastically defonnable sectk)ns 1 01 
of the spring 95 come in contact with the outer surface 
of the bottom plate 37 of the nnain body 28 of the cover 
18, then the base end portkxis of the elastically deform- 
able sections 101 are placed between the outer periph- ss 
eral surface of the cylindrical body 44 and the end edges 
of the stopper plates 94. In this state, the retainer section 
97 is completely nrK>ved away from around the opening 



365 A1 24 

on the tip end of the cylindrical body 44, and this pre- 
vents any interference between part of the sensor unit 
39 and the retainer sectton 97 when installing the sensor 
unit 39 Into the cover 18. The cylindrbal body 44 is 
fonmed at a portion closer to the top end of the cover 1 8, 
so the spring 95 is stabilized, as shown in Fig. 38, by its 
weight. In this state, the spring 95 does not interfere with 
any part of the knuckle, and it is possible to insert the 
outer ring 1. with the cover 18 and spring 95 mounted, 
into the installatbn hole formed in the knuckle. Also, if 
the cover 18 with spring 95 mounted, is delivered to the 
automobile manufacturer, the automobile manufacturer 
will be able to omit the woric of mounting the spring 95 
onto the cover 18. 

To connect and fasten the sensor unit 39 to the cov- 
er 18, first the spring 95 is mounted to the cylindrical 
body 44, as described above, then with the spring 95 
rocked Into the posrtkxi shown in Fig. 3 8, the insert sec- 
tion 40 on the tip end of the sensor unit 39 is inserted 
into the insert hole 38 in the bottom plate 37 and cylin- 
drk^l body 44. Also, the flanged portk>n 41 comes into 
contact with the tip end surface of the cylindrical body 
44. In this state, there is a specified small space (for 
example 0.5 mm) between the detector 24 located on 
the tip end surface of the insert seclkxi 40 of the sensor 
unit 39, and the axially inner surface of the circular sec- 
tion 16 of the encoder 3. Next, the spring 95 Is rocked 
around the pair of pivot supports 96, so that the retainer 
section 97 is brought cbse to the flanged portkxi 41. 
The retainer sectkxi 97 goes through the position shown 
in Fig. 39, and moves over the base surface of the flang- 
ed portion 41 as shown in Figs. 33 and 34, so that the 
flanged portion 41 is pressed against the tip end surface 
of the cylindrcal body 44. In this state, the retainer sec- 
tion 97 fits Into the groove 54 fonned on the base end 
surface of the flanged portkxi 41 . 

The wori< of raising the retainer section 97 of the 
spring 95 onto the base end surface of the flanged por- 
tion 41 , as described above, is performed by pressing 
the bent grip sectbn 1 00 by finger. As the bent grip sec- 
tion 100 is pressed in the direction of the flanged portion 
41 , the straight sectkxis 98 on both ends of the retainer 
section 97 move over the inclined surface 57 formed on 
the flanged portbn 41. If the bent grip section 100 is 
continued to be pressed further from this position, the 
retainer sectbn 97 is engaged with the groove 54 
formed on the base end surface of the flanged portion 
41. With the retainer sectbn 97 in the groove 54, the 
pair of elastically defonnable sections 1 01 are stretched 
elastically along their entire length. Accordingly, the re- 
tainer section 97 elastbally presses the flanged portbn 
41 against the tip end surface of the cylindrbal body 44 
by the elastic restoration force of the pair of elastically 
defonmable sectbns 101 . In order that this work can be 
performed easily, the dimensions of spring 95 are con- 
trolled such that if the spring 95. in the free state, is tilted 
around the pivot supports 96. the straight sectbns 98 
come in contact with the inclined surface 57. Moreover, 
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when the spring 95 is rocked with reference to the cy- 
lindrical kxxly 44. the distance between these elastically 
defonmable sections 101 is a little greater than the outer 
diameter of the cylindrical body 44 and the flanged por- 
tion 41 in order that there is no interference between the s 
elastically deformable section 101 and the outer periph- 
eral surface of the cylindrical body 44 and outer periph- 
eral edge of the flanged portion 41. 

With the retainer section 97 engaged with the 
groove 54, as described above, the spring 95 presses io 
the flanged portion 41 against the tip end surface of the 
cylindrical body 44 with a sufficiently large force, and 
connects the sensor unit 39 to the cover 1 8. Also, In this 
state, the part of the elastically deformable section 101 
that are close to the pivot supports 96 come in contact is 
with or very close to the end edge of the pair of stopper 
plates 94. Accordingly, there is very little elastic defor- 
mation in the elastically defonmable sectbns 101 to ex- 
pand the space between the base ends of the elastically 
deformable sections 101 , so that the pivot supports 96 20 
do not come out of the support holes 93. As a result, the 
pivot supports 96 will not come out of the support hole 
93 even if an extemal force is applied to the elastically 
deformable sections 1 01 . e.g. if the spring 95 is hit force- 
fully with a flying rock or the like while the vehicle is mov- 
ing. and the sensor unit 39 will not acckJentally come 
apart from the cover 18. 

The sensor unit 39 is removed from the cover 18 by 
folbwing the installation procedure above in the reverse 
order. First, the bent grip sectnn 100 Is grasped and so 
pulled to move the retainer sectkxi 97 of the spring 95 
away from the base end surface of the flanged portkxi 
41 . After the retainer sectkxi 97 has been moved away 
from the flanged portion 41 , the Insert sectk)n 40 of the 
sensor unit 39 is pull out from the insert hole 38 in the 3S 
bottom plate 37 and cylindrical body 44. 

Next, Fig. 40 shows a tenth embodiment of the in- 
vention. In this embodiment, on the opposed end edges 
of the stopper plates 94, protrusk)ns 102 are fonmed at 
a kx:atlon separated a little from the outskie surface (top 40 
surface in Fig. 40) of the bottom plate 37 of the main 
body 28 of the cover 1 8. The distance D-, q2 between the 
tips of these protrusions 102 is a little less than the dis- 
tance D^oi between the outer edges of the elastically 
deformable sectk)ns 1 01 of the spring 95 in a free state. 45 
That is D^o2 < ^lov Also, in this embodiment, when the 
retainer section 97 is nrxTved in the direction away from 
the opening on the tip end of the cylindrical body 44, as 
shown in Fig. 38, the relative positkxi between the 
spring 95 and the cover 18 can be made constant re- so 
gardless of the attitude of the cover 18. Therefore, when 
the rolling-bearing unit with the cover 18 mounted, is de- 
livered from the manufacturer to the autonrK)bile manu- 
facturer, that will install the sensor unit, the relative po- 
sition of the spring 95 will not shift, making assembly ss 
more efficient for the automobile manufacturer. 

Next, Figs. 41 to 45 show an eleventh embodiment 
of the inventk)n. In this embodiment, in order to obtain 



the required elasticity even though the thickness of the 
wire material of the spring 95 is increased, the length of 
the pair of elastk:ally defonnable sections 101 is in- 
creased, and the amount that the elastk:ally deformable 
section 101 are bent is also increased. In other words, 
there Is a large possibility that muddy water or snow- 
melting agent or the like will adhere to the spring 95 in- 
stalled In the rolling-bearing unit of this invent»n, creat- 
ing favorable conditkxis for rust. If the spring is made of 
stainless steel spring wire, it is easy to maintain the du- 
rability of spring without having to increase the diameter 
of the wire material, however, if relatively Inexpensive, 
non-stainless, normal spring wire Is used, even if the 
sur^e is treated with zinc or chrome plating, rt is nec- 
essary to increase the diameter of the wire material in 
order to maintain the required durability. However, if the 
diameter is increased, the stiffness of the rigidity of the 
spring 95 becomes too high (the spring constant be- 
comes large), and it becomes difficult for the retainer 
section 97 to move over the flanged portkxi 41 . Taking 
this into conskieraton, a suitable diameter for the wire 
material of the sprig 95 is about 1 to 2 mm. However, if 
the diameter is about 2 mm, the rigidity of the spring 95 
having the shape shown In Fig. 35 is too high. Therefore, 
when the diameter is increased, as in this embodiment, 
the total length and the amount of bend of the pair of 
elastically defornnable sections 101 are increased, in or- 
der to nnain the required elasticity. 

In regards to the construction of the rpm detector 
unit itself for embodiments 9 thru 11 above, the sensor 
used Is not limited to a passive-type magnetic sensor as 
shown in the figures, but it is also possible to use an 
active-type magnetic sensor, eddy-cun^ent-type sensor 
or photoelectric-type sensor. If an active-type magnetk: 
sensor is used. It is possible to make the entire sensor 
unit more compact and light weight. Also, the inertial 
mass is small, and the kinetic energy due to vibratk>n 
when the vehicle is nrxjving is small. As a result, it is 
possible to reduce the load required to support the 
spring 95. and thus It is possible to use a spring 95 with 
thinner wire material (atx>ut 1 to 2 mm). 

Next Figs. 46 thru 50 show a twelfth embodiment of 
the invention. This embodiment takes Into conskieratbn 
removing new problems that occur in the constructk)n 
of embodiment 11, described above. In other words. In 
the eleventh embodiment, in conditbns favorable for 
rust, the diameter of the wire material is increased in 
order to maintain the durability of the spring 95, and then 
the entire length and amount of bending of the pair of 
elastically deformable sectk>ns 101 of the spring 95 are 
increased. 

Also, together with raising the rigkJity by increasing 
the diameter of the wire material of the spring 95 or by 
changing the material used. If the total length of the pair 
of elastk^alty defonmable sectkxis 101 is hcreased, rf 
there are differences In dimensions in the area where 
the spring 95 comes together with the cover 18 or with 
the sensor unit 39. it is possible to effectively absorb 
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these differences. In other words, if the spring 95 Is 
nr^de of highly rigid material, and rf the total length of 
the elasttcally defomr^ble sections 101 is increased, it 
is possible to keep the load required for supporting the 
sensor unit 39 within an adequate range, and to keep 
the stress added to the spring within acceptable range 
so as to absorb the differences in dimensions. On the 
other hand, while the total length of the elastically de- 
formable sections 101 is left short, it is possible to ab- 
sorb the dimensbn errors by towering the rigxlity of the 
wire material and keeping the amount of elastic defor- 
matkxi within a prescribed amount. However, it be- 
comes diffcutt to keep an adequate force for supporting 
the sensor unit 39 by the spring 95, and to keep the 
stresses applied to the spring 95 within albwable levels 
regardless of the dimenskm error in the areas where 
parts fit together. Therefore, for this reason, it is rTK>re 
desirable to increase the total length of the pair of elas- 
tkally defomnable sections 101. 

IHowever, if the length of the elastnally deformable 
sectons 101 are just simply increased, even if the spring 
95 is rocked around the pair of pivot supports 96 that 
are pivotally supported by the pair of support holes 93 
when removing or installing the sensor unit 39, part of 
the pair of elastk^ally deformable sections 101 comes in 
contact with the skle of bottom plate 37 of the cover 1 8, 
and restricts the rocking nriovement of the spring 95, so 
that rt is not possible to completely move the retainer 
section 97 of the spring 95 away from the opening por- 
tkxi of the cylindrical body 44. If the retainer sedfon 97 
is not completely moved away from the opening portion 
of the cylindrical body 44, the retainer sectkxi 97 will 
interiere with installatkm or removal of the sensor unit 
39 in the cover 18. 

On the other hand, to remove this kind of problem, 
it Is possible to provide a constructon as shown in Figs. 
44 and 45, such that the distance L93 in the axial direc- 
tion between the support holes 93 and the out side sur- 
face of the bottom plate 37 of the cover 1 8 is sufficiently 
maintained, and that spring 95 can freely rock until the 
retainer section 97 Is completely moved away from the 
opening portion of the cylindrical body 44. However, in 
this kind of constructkxi, the length in the axial direction 
of the cyllndrkal body 44 with support holes 93 becomes 
kxiger, and thus it becomes difficult to make the rolling- 
bearing unit with rpm detector more compact. 

The rolling-bearing unit with rpm detector of embod- 
iment 12, as shown in Figs. 46 thru 50, will make It pos- 
sible to remove these problems, and even rf the total 
length of the spring is made sufficiently k>ng, the installa- 
bility and removability of the sensor unit in the cover re- 
mains good. 

The rolling-bearing unit with rpm detector of this em- 
bodiment is characterized by constructksn that makes It 
possible to have good installability and removability of 
the sensor unit 39 in the cover 1 8, even if the total length 
of the spring 95 is made sufficiently kxig. The other con- 
structkxi and functkxis are substantially the same as 



those of embodiment 9 and 11 , as shown in Figs. 33 thru 
39 and 41. In this embodiment, there are no stopper 
plates 94 for preventing the pivot supports 96 of the 
spring 95 from coming out of support holes 93 In the 

s cover 18, as was done in the case of embodiments 9 
and 11 (see Figs. 34. 37, 38. and 39). however, if nec- 
essary, they can be formed. 

Provkied on part of the outskie surface of the bot- 
tom plate 37 of the cover 18, which covers the opening 

10 on the axially inner end of the outer ring 1 (see fig. 33). 
Is a cylindrical body 44 that protrudes out in the axial 
directk)n (left and right in Figs. 46 and 47). Also, a pair 
of coaxial support holes 93. that do not go through to 
the inner peripheral surface of the cylindrical body 44, 

IS are formed in two kx^atkxis on the outer surface of the 
cylindrical body 44 at nearly opposite sides In the dta- 
metrbal direction, and a pair of tip ends or pivot supports 

96 of the elastic member or spring 95 are freely support- 
ed in these holes 93. The spring 95, as shown In Figs. 

20 48 thru 50, has a pair of coaxial pivot supports 96 at the 
both ends thereof, a retainer sectk)n 97 at the center 
portion thereof to press the flanged portion 41 formed 
on the base end of the sensor unit 39 against the pe- 
ripheral edge of the opening of the cylindrical body 44, 

ss and a pair of elastically defonnable sections 101 that is 
a connectkxi between one end of the pair of pivot sup- 
ports 96 and the both ends of the retainer sectkxi 97. 
These elastbally deformable sections 101 comprise a 
first pair of straight sectkxis 103 that is continued from 

^ the one end of the pivot supports 96. and a second pair 
of straight sections 104 that are continued from both 
ends of the retainer section 97, and a pair of curved sec- 
tions 105 which connect the first and second straight 
sections 104. The total length of the pair of elastk:ally 

3S defomnable sectkxis 101, for the reasons described 
above. Is made long enough to maintain the durability 
of the spring 95, and to absorb dimension error In the 
members in engagement with the spring 95. 

In this embodiment, the pair of elastbally defomia- 

40 ble sectkxis 101 are arranged such that, when the re- 
tainer section 97 presses the sensor unit 39 against the 
peripheral edge of the opening of the insert hole 38. the 
sections 101 are Inclined with reference to the bottom 
plate 37 of the cover in a directkxi where the elastk:ally 

^ deformable sections 101 are more separated from the 
bottom plate 37 as It Is c toser to the curved sections 1 05. 
In other words, the whole of the elastically transformable 
sections 1 01 Is positioned on the opening skJe (right skle 
in Figs. 46 and 47) of the insert hole 38 than the virtual 

so plane p (see Fig. 47) that is parallel with the bottom plate 
37 of the cover 18, including the pair of pivot holes 93, 
and Inclined In the directkxi where they are away from 
the virtual plane p as they are away from the holes 93. 
With this kind of constructkxi, when removing or insert- 

ss ing the sensor unit 39 into the cylindrk^l body 44. the 
spring 95 can be rocking until the retainer sectfon 97 
does not Interfere. Therefore, when the retainer sectkxi 

97 of the spring 95 is engaged with the flanged portkxi 
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41 of the sensor unit 39, the angle y between the first 
straight sections 103 of the elasticalty deformable sec- 
tions 1 01 nearest to the bottom plate 37 and the virtual 
plane p is larger than a specified design value. In other 
words, this angle ymust be large enough such that when s 
the spring 95 is rocked in the clockwise direction around 
the pivot supports 96, such that when part of the elasti- 
cally deformable sections 101 come in contact with part 
of the bottom plate 37, the retainer sectkxi 97 is com- 
pletely moved away from the opening of the cytindrtoal io 
body 44 (moved away from the virtual space obtained 
by extending the outer peripheral surface of the cylindri- 
cal body 44), and the retainer sectnn 97 does not inter- 
fere with the operatkm of removing or inserting the sen- 
sor unit 39 into the cylindrical body 44. is 

For the rolling-bearing unit with rpm detector of the 
embodiment described above, as in the case of the oth- 
er embodiments, it is possible to reduce the amount of 
work required for installatk)n of the sensor unit 39 in the 
cover 1 8, and it is possible to reduce the cost of the roll- 20 
ing-bearing unit itsetf and cost of repairs. Especially, in 
the case of this embodiment, the pair of elastbally de- 
formable sections 101 of the spring 95 are inclined. 
Therefore, even If the support holes 93 are formed ctose 
to the bottom plate 37, it is possible to maintain an angle ^ 
that allows the spring 95 to rock when rocking it in the 
directk)n such that the elastcally deformable sections 
1 01 are rocked away from the opening of insert hole 38 
to engage and disengage the sensor unit 39 with the 
cover 18. Accordingly, the retainer section 97 of the 30 
spring 95 does not interfere with the step of installing 
and removing the sensor unit 39 with reference to the 
cover 1 8. As a result, even if the total length of the spring 
95 is made sufficiently kxig to maintain the durability of 
the spring 95, and to absorb the dimension errors when 3S 
fitting the spring 95 with other parts, it is possible to 
maintain favorable installation conditions for engaging 
and disengaging the sensor unit 39 with the cover IB, 
without having to redundantly increase the axial length 
of the cylindrical body. 40 

In this emtxxiiment, in the center of the retainer sec- 
tion 97 of the spring 95, there is a grip sectk)n 1 06 whbh 
stbks out neariy perpendicular with the flanged portion 
41 of the sensor unit 39 when the retainer section 97 
has been engaged with the flanged portk)n 41. When 45 
removing or installing the sensor unit 39 with reference 
to the cover 18, the spring 95 can easily be rocked by 
taking hoW of this grip section 106. When the retainer 
sectbn 97 is fitted in the groove 54 on the sensor unit 
39, the retainer sec^kxi 97 of the spring 95 presses the so 
flanged portion 41 toward the end surface of the cylin- 
drical body 44 with sufficiently large force. Therefore, in 
order that the spring 95 can rock easily, it is desirable 
that the ratio (lever ratb) of the distance L^q^ between 
the pivot supports 96 and the tip end of the grip section ss 
106 to the distance L97 between the pivot supports 96 
and the base end of the retainer sectnn 97 be somewhat 
greater. For example, a lever ratio of 2 or more is desir- 
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able. That is desirably L^og^t = ^ 

Next. Figs. 51 thru 53 show a thirteenth embodi- 
ment of the invention. In this embodiment, the pair of 
elastically defonnable sectkxts 101 for connecting the 
pair of pivot supports 96 on both ends of the spring 95 
to the retainer section 97 in the center, are curved in the 
part where the bending moment acting on the spring 95 
is the largest, and the total length of these elastk:ally 
deformable sectkxis 101 is increased. The reason for 
lengthening these elastically deformable sections 101 
in a prescribe kx:atk)n is described below. 

According to Castigliano's Theorem, by increasing 
the length of the area whose cross sectkm has a large 
bending moment acting on the elastk: body, the deflec- 
tion of the elastic kxxiy becomes large. Moreover, if the 
bending moment acting on the elastic body is too large, 
the stresses in that cross section will exceed the alk>w- 
able stress, andthe elastic bodycouM break. Inthecase 
of the spring 95, which is an elastk: body, by increasing 
the length of the part where the bending moment acting 
on it is the greatest, it is possible to create a spring 95 
that deforms easier and is more difficult to break. In this 
emtxxiiment, in the points where a pulling bad P Is ap- 
plied in order to rock the spring 95, the spring 95 Is at- 
tached to the cover 1 8 and sensor unit 39. These points 
are shown by points X and Y in Fig. 53. Also, the place 
where the bending moment acting on the spring 95 is 
the greatest Is at a place furthest separated from point 
X at a distance Lgg, in other words, at the first curved 
sections 107 and second cun^ed sectbns 108 of the 
elastically deformable sectbns 101. Accordingly, by in- 
creasing the length of these cun/ed sections 107, 108. 
it is possible to obtain a spring 95 that deforms more 
easily and is more difficult to break. In the embodiment 
shown in the figures, the first curved sections 107 and 
the second curved sectbns 108 are bcated on both 
sbes of the line of actbn of the bad P, so that it is pos- 
sible to maintain the length required for the first and sec- 
ond curved sectbns 107, 108 without making the spring 
95 stbk out In the radial direction further than the outer 
peripheral edge around the cover 18,. The other con- 
structbn and functbns are the same as in the twelfth 
embodiment described above. 

Next, Figs. 54 thru 58 show a fourteenth embodi- 
ment of the inventbn. When using the rolling-bearing 
unit with rpm detector, as the vehble is moving, there is 
a high possibility that muddy water, anti-snow agents or 
the like could adhere to the spring 95 whbh connects 
and supports the sensor unit 39 in the cover 18. Also, 
since the spring 95 is made of a metal, if muddy water 
or the like adheres to the spring as described above, 
there is a possibility of early rusting if the spring 95 is 
nr»de of inexpensive, non-stainless steel. Especially in 
the area where the retainer section 97, bcated in the 
center of the spring 95. Is engaged with the flanged por- 
tion or rim portion 41 of the sensor unit 39, it is easy for 
dirty water or the like to remain, and early rusting is likely 
to occur. 
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The rolling-bearing unit with rpm detector of this em- 
bodiment takes this problem into consideration, and 
even if the spring 95 is made of inexpensive, non-stain- 
less steel, it prevents the spring 95 from rusting. 

The rolling-bearhg unit with rpm detector of this em- s 
bodiment is characterized by construction such that the 
area where the spring 95 attaches to the sensor unit 39 
is enclosed. The other construction and functions are 
substantially the same as in embodiment 12 shown in 
Figs. 46 thru 50. In this embodiment, there are no stop- io 
per plates 94 (see Figs. 34, 37. 38, 39, and 40) for pre- 
venting the pivot supports 96 of the spring 95 from com- 
ing out of the pivot holes 93 formed in the cover 16 as 
in the ninth and tenth embodiments. Kiowever, it is pos- 
sible to fomi stopper plates 94 as long as they are pre- y5 
vented from interfering with the covering material 109 to 
be descrit)ed later. 

There is covering material 109 used for water re- 
sistance and supported by the outer peripheral surface 
in the center of the protrusion 111 in a short cylindrical 20 
shape located in the center of the base end section of 
the sensor unit 39. This covering material 109 is made 
of an elastic material such as rubber or synthetic resin 
such as HYTREL. Also, this covering material 109 Is 
formed in a bag shape, so that it freely inverts In the 
direction to make the opening be reversal in directran. 
Moreover, in the center of the bottom of this covering 
material 109, there is a through hole 110 in the axial di- 
rectkx). Also, there is a groove 112 all the way around 
the outer peripheral surface In the center of the protru- 30 
sion 111, to which the inner peripheral edge of the 
through hole 1 1 0 is fastened. The harness 46 whk:h con- 
nects to the sensor (not shown in the drawings) that is 
embedded in the sensor unit 39 run from the tip end sur- 
face of the protruskyi 111 . as 

In order that the sensor unit 39 can be freely in- 
stalled in and renrK>ved from the cover 18, the spring 95 
which presses the flanged-portion or brim portwn 41 of 
the sensor unit 39 against the outer peripheral edge of 
opening of the Insert hole 38. as shown In Fig. 58. has 40 
a pair of pivot supports 96 kx:ated on both ends, a re- 
tainer section 97 located In the center, and a pair of elas- 
tk:ally deformable sections 101 that connect the pivot 
supports 96 and the retainer sectk>n 97. This pair of 
elastteally deformable sectkxis 101 has a first pair of 4S 
straight sections 103 which connect to one end of tip 
ends or pivot supports 96. a third pair of straight sectkxis 
113 which connect to both ends of the retainer section 
97, and a second pair of straight sections 1 04 which con- 
nect to one end of the third pair off straight sections 113 so 
and extend to nearly parallel to the first pair of straight 
sectk>ns 103. and a pair of curved sections 105 whk:h 
connect the first and second straight sections 103 and 
104. 

In this embodiment with a covering material 109 ss 
constructed as described above, the area where the re- 
tainer sectkxi 97 of the spring 95 attaches to the sensor 
unit 39 Is covered by the covering material 109. As 



shown in Fig. 55, in order to install the sensor unit 39 to 
the cover 1 8, the covering material 1 09 that is previously 
attached to the sensor unit 39, Is opened up on the op- 
posite side of the flanged-portion 41, such that it does 
not interfere with the work of placing the spring 95 in the 
sensor unit 39. In this state, as shown in Fig. 56, the 
insert section 40 of the sensor unit 39 is inserted inskie 
the cyllndrk:al body 44 of the cover 1 8. The spring 95 Is 
then rocked around its pivot supports 96, that are pivot- 
ally supported by support holes 93 kx^ted in the cylin- 
drk^al body 44. and the retainer section 97 of the spring 
95 is fitted into the groove 54 formed in the flanged por- 
tion 41 of the sensor unit 39. The construction and func- 
tion of this part is mostly the same as that of the twelfth 
embodlnnent shown in Figs. 46 thru 50. Afterthe retainer 
section 97 has been fitted into the groove 54, the cov- 
ering material 109 is inverted, as shown in Fig, 54 and 
57. and the opening of the covering material 1 09 Is faced 
in the opposite directkxi, and the peripheral edge portkxi 
of the opening of the covering material 109 elastically 
comes in contact with the outer peripheral surface of the 
cylindrical body 44. In this state, the covering material 
1 09 covers the area where the retainer sectkxi 97 of the 
spring 95 is engaged with the sensor unit 39. If the cov- 
ering material 109 is fomned m a sufficiently kxig cylin- 
drk^al structure, it is possible to cover the whole spring 
95 to secure the anti-corroskxi of the spring 95. 

When using the rolling-bearing unit with rpm detec- 
tor of this embodiment, constructed as described above, 
dirty water or the like is prevented from being splashed 
directly onto the area where the spring 95 and sensor 
unit 39 are engaged with each other, and thus it is pos- 
sible to prevent the spring 95 from rusting. Moreover, 
with part of the spring 95 covered by the covering ma- 
terial 109. It is not possible for the spring 95 to come 
apart from the sensor unit 39 as tong as the covering 
material 109 is not inverted. Accordingly, even if there 
are no stop plates 94 as described above (see Figs. 37 
to 40), it is possible to prevent the sensor unit 39 from 
acckJentally coming apart from the cover 18. 

The space L^^g (see Fig. 58) between the third pair 
of straight sections 113 of the spring 95 is nearly equal 
to or a little less than the outer diameter D44 (see Fig. 
54) of the cylindrk:al body 44 when the third pair of 
straight sectkxis 1 1 3 are free. The reason for this is that 
when the area where the spring 95 Is engaged with the 
sensor unit 39 is covered by the covering material 109. 
and the third pair of straight sections 113 push open from 
the inside the opening portkxi of the covering material 
109, and prevent dirty water or the like from entering the 
connectkxi. 

Also, the outer peripheral edge of the opening of the 
covering rr^terial 1 09 elastically comes into contact with 
the outer peripheral surface of the cylindrk:al body 94, 
however, due to the existence of the third pair of straight 
sections 113 of the spring 95. there is a gap between 
the outer peripheral surface of the cylindrcal body 44 
and the covering material 109 that make them Impossi- 
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ble to cxxne in close contact with each other, so that a 
perfect seal could not be provided. However, In the lo- 
cation where they are installed in the vehicle, the spring 

95 presses the sensor unit 39 against the perf>herat 
edge portion of the opening of the insert hole 38. and In s 
this state, the first and second pair of straight sections 

1 03, 1 04 and the cun/ed sections 105 are located below 
the retainer section 97. In other words, the third pair of 
straight sections 11 3 are not located above the retainer 
section 97. By doing so, the opening of the gap faces io 
downward, and dirty water or the like passes through 
this gap making It possible to prevent dirty water from 
collecting in the space between the covering material 
109 and the cylindrk:al body 44. 

Furthermore, In this embodiment, in the area is 
around the opening of the support holes 93 kx:ated in 
the cylindrical body 44, there is a pair of eaves 114 
formed on the top when the rolling-bearing unit is in use, 
and this pair of eaves 114 prevent dirty water or the like 
from getting into the space between the pivot supports 

96 and support holes 93. These eaves 114 are formed 
only in the upper portion, so that they do not interfere 
with the rocking of the spring 95. It Is possible to form 
these eaves 114 in one piece with the cover 18 by injec- 
tk>n moMing, thus simplifying the molding work. 2S 

In the embodiment shown in the figures, the con- 
structbn of the rolling-bearing unit which supports the 
non-direction wheels was shown, where the inner ring 
7 is attached to the hub 2 by crimping the end of the hub 
2. as shown in Fig. 54, however, the rolling-bearing unit so 
with rpm detector of this embodiment is not limited to 
this kind of construction, and it is possible to apply it to 
a rolling-bearing unit with rpm detector that supports the 
driven wheels or to other structures. Moreover, for the 
rolling-bearing unit with rpm detector of this embodi- 3S 
ment, the sensor unit 39 is inserted in the axial direction 
of the hub 2, as shown in the figures, but may be inserted 
in the radial directkxi as in Fig. 25. 

Figs. 59 to 64 show another embodiment of the 
present inventnn, whch Is constructed with substantial- 40 
ly the same members as in the first embodiment of Figs. 
1 to 5. e.g. as to the outer ring 1 , cover 1 8 and hub 2 etc. 

An encoder 3 fits around the axtalty inner end (right 
end in Fig. 59) of the inner ring 7, whk:h together with 
the hub 2, forms the rotating ring. The inner ring 7 is ^ 
fixed to the hub 2 by crimping radial ly outward the axially 
inskie end of the hub 2 after the inner ring 7 is fitted onto 
the axially Inskie end of the hub 2. The encoder 3 is 
fonned into a circular-ring shape having an L-shaped 
cross sectton by bending magnetic sheet metal such as so 
SPCC. and comprises a cylindrical body 15 and a cir- 
cular ring portbn 16 extending radially outward from the 
axially inner end of the cytindrk^l body 15. This circular 
ring portkxi 16 is provkJed with a number of through 
holes 1 7 in slit shape in a radial direction with a uniform ss 
inten^l in a circumferential direction such that the po- 
larity of the circular ring portion 16 alternates at equal 
Inten^ls around in the circumferential direction. 



Moreover, in part of the bottom plate 37 of the main 
body 28 which forms the cover 18, an insert hole 38 is 
formed in the sectkxi which f^es the circular ring por- 
tion 1 6 of the encoder 3, and the insert hole 38 is formed 
in a circular cross section and provided with a groove 
172. 

In part of the outside surface (right surface of Fig. 
59) of the bottom plate 37, a cylindrical body 44 is 
formed to surround the opening of the insert hole 38. 
The inner peripheral surface of the base half portkxi 
(right half portion in Fig. 59) of the cylindrical body 44 
and the inner peripheral surface of the insert hole 38 
form a single cytirKlrteal surface. 

The inner diameter of the tip half portion or larger 
diameter portion (right half porfton in Fig. 59) of the cy- 
lindrk^l body 44 is larger than the inner diameter of the 
insert hole 38 and the base half portion of the cylindrical 
body 44. The larger diameter portkxi 155 thus formed 
is continued through a stepped portnn 156 to a portkm 
continued from the insert hole 38. 

A hokjer 129 made of a synthetic resin and having 
a sensor embedded therein Is fixedly connected to the 
cyllndrk:al body 44 by way of a pair of springs 47. There- 
fore, at two kx:atk>ns opposed to each other in a diamet- 
rical directkxi on part of the outer peripheral surface of 
the cylindrtoal body 44, a pair of support pieces 72 are 
provkJed with a space therebetween as shown in Fig. 
63. The support pieces 72, .four in total, are formed in 
an arc shape, in whk:h pivot supports 73 fonned at the 
both ends of the spring 47 are pivotally supported InsKle 
the support pieces 72, respectively. 

The description on Figs. 12 thm 16 can be referred 
to for the support pieces 72. spring 47 etc. The spring 
47 used in this embodiment is the same as shown in 
Fig. 15 and Fig. 16 

The hokJer 129 corresponds to the sensor unit 39 
in Fig. 14, and the descriptkxis on the sensor unit 39 in 
Fig. 1 4 are refenred to for the present embodiment, spe- 
dfk^lly on the grooves 54. inclined surface 57 etc. 

The holder 129 comprises a cylindrk:al insert sec- 
tion. 40 continued from the flanged portion 41 . The insert 
section 40 comprises a larger diameter portkxi 60 on 
the base skJe closer to the flanged portion 41 , a smaller 
diameter portkxi 61 on the tip skJe distal from the flanged 
portion 41 and a stepped portkxi 1 68 toconnect the larg- 
er and smaller diameter portions 60, 61 with each other 

The larger diameter portion 60 has a diameter so 
as to be inserted into the larger diameter portion 155 of 
the cylindrical body 44 without any play while the smaller 
diameter portion 61 has a diameter to be inserted into 
the insert hole 38 without any play. 

A groove 169 is formed around the outer peripheral 
surface in the mkidle of the larger diameter portion 60 
of the hoUer 129, and an Oring 42 is fastened in that 
groove 1 69. The outer diameter of the O-rIng 42 is larger 
than the inner diameter of the larger diameter portkxi 
155 of the cylindrbal body 44 in a free state where it is 
fitted in the groove 169. On the other hand, when the 
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larger diameter portion 60 is inserted into the larger di- 
ameter portion 1 55 of the cylindrical body 44, the Oring 
42 is elastically compressed between the Inner periph- 
eral surface of the larger diameter portion 155 and the 
bottom of the groove 169, forming a seal between the s 
outer surface of the holder 129 and the cover 18. 

Disposed on part of the outer peripheral surface of 
the smaller diameter portion 61 displaced from the O- 
ring 42 is a protrusion 171 as shown in Fig. 60 which 
extends In the axial direction of the small diameter por- io 
tlon 61. 

A single cylindrical surface Is fonmed by the inner 
peripheral surface and the insert hole 38 and a portion 
of the inner peripheral surface of the cylindrical body 44. 

Provided on the inner peripheral surface of the in- 
serf hole 38 and on part of the portion of the inner pe- 
ripheral surface of the cylindrical body 44 is a groove 
172 for engagement with the protrusion 171 without 
play, which is formed in the axial direction of the insert 
hole 38 and cylindrical body 44. With the engagement 20 
of the protrusion 171 with the groove 172, the holder 
129 is positioned in a circumferencial direction. 

On the other hand, the protrusion 171 can be 
formed on the inner peripheral surface of the cylindrical 
body 44, while the groove 172 can be fonmed on the 2S 
outer peripheral surface of the holder 129, which is in- 
versed in arrangement to the embodiment in Figs. 60 
and 61. 

Anyhow, by controlling the relation between the in- 
stallation position of the protrusion 171 and groove 1 72 30 
and the installation position of the O-ring 42, the protru- 
sion 171 is engaged with the groove 172 before the O- 
ring 42 is supported between the bottom surface of the 
groove 1 69 and the inner peripheral surface of the larger 
diameter portion 1 55 of the cylindrical body 44. Accord- 3S 
ingly, in the embodiment illustrated, with the holder 129 
mounted to the cover IB, the distance from the step 
portion 156 on the inner peripheral surface of the cylin- 
drical body 44 to the tip end surface of the holder 129 is 
larger than the distance L2 from the side edge of the 40 
groove 169 with the Oring 42 installed therein, closer 
to the tip end (left side edge in Fig. 59) to the axially 
inner surface of the flanged portion 41 of the holder 1 29. 
That is > L2. Accordingly, in this embodiment, the 
holder 1 29 could not be Inserted into the cylindrical body 45 
44 and the insert hole 38 unless the protrusion 171 is 
engaged with the groove 72 before the O-ring 42 is 
forced into the inside of the larger diameter portion 1 55. 
Consequently, the holder 129 can positively circumfer- 
entially positioned within the insert hole 38 and the cy- so 
lindrical body 44 before the O-ring 42 is held between 
the bottom surface of the groove 169 and the inner pe- 
ripheral surface of the larger diameter portion 155. Ac- 
cordingly, after O-ring 42 is held between the bottom 
surface of the groove 1 69 and the Inner peripheral sur- ss 
face of the larger diameter portion 1 55 of the cylindrical 
txxJy 44 and then elastically compressed, what must be 
done is that the holder 129 Is urged to be fitted Into the 



insert hole 38 and the cylindrical body 44. Therefore, the 
work to install the holder 1 29 in the cover 1 8 is efTiclently 
carried out. 

In order to support and fix the holder 129 within the 
cylindrical body 44, the pivot supports 73 of the springs 
47 are engaged with the support pieces 72. respectively 
This engagement work can be carried out at a wkie 
space site. Then, the pair of springs 47 are rocked and 
displaced to a skie of the cylindrk:al body 44, so that the 
retainer secttons 50 of the springs 47 are retracted from 
the opening portkxi of the cylindrical body 44, and in this 
state, the cylindrical insert portkxi 40 of the hokier 129 
is Inserted Into the cylindrical body 44 and then into the 
insert hole 38soastonf)ake the flangedportbn41 come 
into contact with the tip end surface of the cylindrical 
body 44. During this process, the protruskxi 171 is en- 
gaged with the groove 1 72 to position the hoMer 1 29 in 
the circumferential directkxi. 

The dinrtensions of respective components are con- 
trolled such that when the flanged portion 41 is abutted 
to the tip end surface of the cylindrical body 44 during 
positioning the hoMer 129 In the circumferential direc- 
tion, there is a small clearance with a desired size be- 
tween the detecting portkxi on the tip end surface of the 
insert portk>n 40 and the axially inner surface of the cir- 
cular ring portkxi 16 of the encoder 3. 

There is a clearance between the step portkxi 168 
formed in the intermediate portion of the cylindrical in- 
sert portion 40 of the hokier 129. and the step portkxi 
156 fomried on the inner peripheral surface at the Inter- 
mediate portion of the cylindrcal body 44. Then, the pair 
of springs 47 are rocked tor displacement so that the 
retainer sect»ns 50 are moved cbser to the flanged por- 
tion 41, which makes the retainer sectkxis 50 engage 
with the grooves 54 formed on the base end surface of 
the flanged portkxi 41. Duringthis,thelegs61 elastk^ally 
stretch based on the engagement t>etween the retainer 
sections 50 and the inclined surface 57. In the state 
where the retainer sections 50 are in alignment with the 
grooves 54, the whole length of the legs 61 is elastk:ally 
shrinked to keep the engagement between the retamer 
sections 50 and the grooves 54. 

Incidentally, based on the circumferential positkxi- 
ing of the holder 129 which is in turn based on the en- 
gagement between the protrusion 171 and the groove 
1 72 the retainer sections 50 and grooves 54 are correct- 
ly controlled in phase. 

In the embodiments illustrated, the flanged portion 
41 of the holder 129 is abutted to the tip end surface of 
the cylindrical body 44, and the engagement posltk)n of 
the flanged portkxi 41 with the cylindrk:al body 44, spe- 
cifically the positkxi of one skie face of the flanged por- 
tion 41 is used as a reference surface for die process to 
form the holder 129 through injection moMing of syn- 
thetic resin. 

There is a clearance between the step portkxi 168 
formed in the intermediate portkxi of the hokier 1 29 and 
the step portkxi 1 56 formed on the Inner peripheral sur- 
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face of the cylindrical body 44. On the contrary, it is pos- 
sible to make a structure having the step portions 168, 
156 engaged with each other so as to use the flanged 
portion 168 as a reference surface for die process to 
form the holder 1 29 by injection molding of synthetic res- s 
in. In this case, there is a clearance formed between the 
flanged portion 41 and the tip end surface of the cylin- 
drical body 44. Anyhow, a portion of the holder 1 29 sep- 
arated from the tip end portion of the holder 1 29 is abut- 
ted to the cylindrical body 44 or the peripheral portion io 
of the opening of the insert hole 38 so as to position the 
holder 129 in the axial direction (inserting direction). 

On the process to remove the holder 129 from the 
cover 18, and on the members such as the step portion 
69 fonmed on the axially inner end of the inner ring 7, is 
and the cylindrical portion 71 formed on the axially inner 
end of the hub 2, the descriptions on the embodiment 
In Figs. 1 2 to 1 6 are referred to. 

Fig. 65 shows another example of the embodiments 
of the present Invention, where the protrusion 171 for 20 
engagement is provided in a portion of the smaller di- 
ameter portion 61 of ttie cylindrical insert section 40 of 
the holder 129, except for the tip end portion (left end 
portion in Fig. 65) of the smaller diameter portion 61. 
The position of the tip end of the protrusion 171 Is con- 2S 
trolled such that the protrusion 171 enters the groove 
172 on the cover 1 8 (Figs. 61 and 62) before the O-ring 
42 nrxsunted to the groove 1 69 enters the inside with ref- 
erence to the inner peripheral surface of the cover 18. 
Although not illustrated, the protrusion 171 for engage- 30 
ment can be formed only on the tip end portion of the 
smaller diameter portion 61 of the cylindrical insert por- 
tion 40. 

Figs. 66 to 69 shows another example of the 
present invention, where the Inner diameter of the cylin- 3S 
drical body 44 on the outer surtace of the cover 18 is 
substantially the same to the inner diameter of the insert 
hole 38 along the substantially whole length. An out- 
wardly flared portion 176 is formed on the peripheral 
portion of the opening of the cylindrical body 44, such 40 
that the O-ring 42 is elastically pressed between the out- 
wardly flared portion 176, the outer peripheral surtace 
of the base end of the cylindrical insert section 40 of the 
holder 129, and one side surtace of the flanged portion 
41. In this example, the outwardly flared portion 176 is 45 
a portion of the cover 18. 

The protrusion 171 is engaged with the groove 1 72 
before the O-ring 42 is held between the outer peripheral 
surtace of the base end of the cylindrical insert section 
40 and the inclined portion 1 76. Accordingly, the holder so 
129 is positively circumferentially positioned within the 
Insert hole 38 and cylindrical body 44, which makes the 
installation of the holder 129 to the cover 18 efficient. 

The diameter of the O-ring 42 and the position of 
forming the groove 1 72 are controlled such that the Io- ss 
cation where the O-ring 42 comes into contact with the 
inclined portkxi 176 is k>cated radially outskie the open- 
ing at the end of the groove 1 72. Accordingly, the O-ring 
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42 is engaged with the inclined portkxi 176 throughout 
their periphery without any interruptkxi. Therefore, the 
seal perfomnance is never damaged on the portkxi 
where the O-ring 42 is installed on the basis of the 
groove 172. 

If the die for injectkxi moMing the holder 129 with 
synthetic resin is formed in a structure which is split ra- 
dially in cross sectnn, it is possible to form, only by way 
of Injectkxi molding of synthetk: resin, that is with no fol- 
towlng cutting process, a structure including the protru- 
skxi 171 whch extends only to the intermediate portton 
of the cylindrical insert section 40 as shown m Fig. 67. 

Figs. 70 to 72 shows another example for use in the 
unit as shown in Figs. 25 to 30, where the main body 28 
of the cover 1 8 is formed to have a L-shaped cross sec- 
tion throughout the circumference. The example is ap- 
plied to a rolling bearing unit to support a driven wheel. 
In this example, the hub 2 is connected to a constant 
vekx^ity joint for rotatkxial drive as shown in Fig. 25. 

The cylindrk^al wall portion 36 of the cover 18 has 
a thk:k portion, where the insert hole 38 is radially 
formed with reference to the cover 1 8. 

The insert hole 38 has, as shown in Figs. 71 , 72 and 
76, a radially inner half portion 177 (omitted in Fig. 26) 
fonmed in a non-circular shape such as rectangular in 
cross sectk)n and a radially outer half portbn 178 
fonned in a circular shape, corresponding to whch the 

hokler 1 29 mounted to the cover 1 8 is fonmed in a non- | 
circular shape in cross section, such as rectangular, at 

the tip halfportlon 179 on the radially inside, while ^ 
fonmed in a circular shape In cross section at the base 

end portkxi 180 on the radially outside. \ 

A groove 1 69 is formed on the outer peripheral sur- 
face at the intermediate portion of the base end portkxi 
180 to receive an O-ring 42 which is elastically com- 
pressed between the bottom surtace of the groove 169 
and the inner peripheral surtace of the radially outer half 
portion 178 of the Insert hole 38, to provkie a seal be- 
tween the outer peripheral surtace of the hokier 1 29 and 
the inner peripheral surface of the insert hole 38. 

In this example, the tip half portkxi 1 79 of the holder 
1 29 enters the radially Inner half portkxi 1 77 of the insert 
hole 38 before the O-ring 42 enters the insert hole 38, 
so as to positkxi the hokier 129 in a circunnferential di- 
rection. 

Specifically, when the hokJer 129 is Installed in the 
cover 18, the distance L3 between the step portkxi 156 
on the inner peripheral surface at the intermediate por- 
tion of the insert hole 38 and the tip end face of the holder 
129, is larger than the distance between the skie 
edge ctoser to the tip end (tower side edge in Fig. 72(B)) 
of the groove 169 with the O-ring 42 fitted therein and 
the radially inskie face of the flanged portkxi 41 of the 
hoWer 129. That is L3 > L^. Accordingly, in the present 
example, the holder 129 could not be inserted into the 
Insert hole 38 unless the tip half portion 179 is engaged 
with the radially inner half portkxi 177 before ttie O-ring 
42 Is forced into the Interior of the radially outer half por- 
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tion 178. As a result, the circumferential positioning of 
the holder 1 29 within the insert hole 38 can be positively 
carried out before the O-ring 42 is pressed between the 
bottonr) surface of the groove 169 and the inner periph- 
eral surface of the radially outer half portion 1 78. There- s 
fore, after the O-ring 42 is held between the bottom sur- 
face of the groove 169 and the inner peripheral surface 
of the radially outer half portion 1 76 and elastlcally com- 
pressed, all what Is to do is to press the holder 129 Into 
the Insert hole 38. Thus, the holder 1 29 can be efficiently io i. 
mounted to the cover 18. 

Provided on the base end surface of the flanged 
portion 41 formed on the base end portion of the holder 
129 is a groove 54 and an inclined surface 57. In the 
state where the holder 1 29 is connected to the cover 1 8, is 
the retainer section 50 of the spring 47 (Fig. 28) is en- 
gaged with the groove 54 to retain the flanged portion 
41 onto the outer peripheral surface of the cylindrlcat 
wall portion 36. Tbe spring 47 used in this embodiment 
has a retainer section 50 in the center, legs 49 on both 20 
ends and connection sections 51 for connecting the re- 
tainer section 50 to the legs 49 as shown In Fig. 28. The 
legs 49 are formed in a pivot support shape, and the 
connection sections 51 are formed in a substantially 
quarter circle shape, respectively The legs 49 are bent ^ 
in opposing directions from the ends of the connection 
sections 51 , and are coaxially aligned. 

As to the pivot supports 84, coupling spring 47, the 
cover 18 including the bottom plate 37. hook 85 etc., the 
descriptions on the embodiment In Figs. 25 to 30 are 30 
referred to for the present emtxxJiment. 

The following are a basic description about the 
mechanism on the rotational speed detection. 

Fig. 73 shows an example of the rotational speed 
sensor device comprising an encoder 3 having S-pole ss 
and N-pole alternately arranged, and a sensor 4 having 
a pair of Had elements 140 with a predetermined space 
therebetween. 

Fig. 74 shows another example of the rotational 
speed sensor device, comprising an encoder 3 made of 40 
a magnetic material and having lands and recesses cir- 
cumf erentlally altemately arranged and a sensor 4 com- 
prising a pair of Hall elements 140 arranged with a pre- 
determined space therebetween and a permanent mag- 
net 1 41 . The Hall elements 1 40 are precisely positioned 45 
in a circumferential direction of the encoder 3. 

In Fig. 75. the outputs f^ (t) and fg (t) of the pair of 2. 
Hall elements of the sensor 4 as shown in Figs. 73 and 
74 change as shown by curves (A) and (B) correspond- 
ing to the rotation of the encoder 3 . so 

Fig. 76 shows an output of the sensor 4 as shown 
In Figs. 73 and 74, which is the difference in output be- 
tween the Hall elements as shown Curves (A) and (B) 
in Fig. 75. That is {f^ (t) - fg (t)}. The output of the sensor 
4 changes based on the phase difference 5 (Fig. 75) of ss 
the outputs f 1 (t) and f 2 (t) of the pair of the Hall elements. 
When the phase difference & is ic radians (180degrees), 
the output of the sensor 4 is the largest. Thus, the pair 



of Hall elements 1 40 of the sensor 4 must be precisely 
arranged with reference to the circomferential direction 
of the encoder 3 to provide the space of n radians be- 
tween the Hall elements to increase the output of the 
sensor 4. This is achieved by the present invention. 



Claims 

A rolling bearing unit with a rotational speed sensor 
comprising; 

a stationary ring having an end and a first race- 
way, 

a rotatable ring having an end and a second 
raceway, 

one of the stationary and rotatable rings being 
an outer ring with the other being an Inner ring, 
a plurality of rolling elements rotatabty provided 
between the first and second raceways to ro- 
tatably support the stationary and rotatable 
rings, 

a sensor support case having a step portion for 
axial positioning, a detecting portion and a sen- 
sor mounted therein, 

an encoder having circumferentially changing 
magnetic characteristics and connected to the 
end of the rotatable ring, 
a cover made of a synthetic resin, connected to 
the end of the stationary ring, and having a fit- 
ting portion with respect to the outer ring, the 
fitting portion formed with a groove for mounting 
an O-ring therein, a mount hole for inserting 
part of the sensor support case therein, and a 
portion abutted to the step portion of the sensor 
support case for axial positioning, 
an elastic member having a first portion en- 
gaged with the cover and a second portion en- 
gaged with the sensor support case to fix the 
sensor support case to the cover, and 

wherein the detecting portion of the sensor is 
faced to the encoder to output a frequency signal 
proportbnal to the rotational speed of the rotatable 
ring. 

A rolling bearing unit with a rotational speed sensor 
comprising; 

a stationary ring having an end and a first race- 
way, 

a rotatable ring having an end and a second 
raceway, 

one of the stationary and rotatable rings being 
an outer ring with the other being an inner ring, 
a plurality of rolling elements rotatably provided 
between the first and second raceways to ro- 
tatably support the stationary and rotatable 
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rings, 

a sensor support case having a step portion for 
axial positioning, a detecting portion, a serisor 
nrx>unted therein, and a flanged portion, 
an erxxxler having circumferentially changing s 
magnetic characteristics and connected to the 
end of the rotatable ring, 
a cover connected to the end of the stationary 
ring, and having a nriount hole for Inserting part 
of the sensor support case therein, made of 10 
synthetic resin and a portion abutted to the step 
portion of the sensor support case for axial po- 
sitioning, 

a coupling spring of steel having a first end por- 
tion engaged with the cover and a second end is 
portion engaged with the flanged portion of the 
sensor support case to press the sensor sup- 
port case both in a detachable manner to the 
insert hole In the cover, so that the sensor sup- 
port case is mounted to the cover and 20 

wherein the detecting portion of the sensor is 
faced to the encoder to output a frequency signal 
proportional to the rotational speed of the rotatable 
ring. 2s 
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Fig. 4 
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Fig. 6 
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Fig. 11 
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Fig. 12 
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Fig. 13 
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Fig. 18 
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Fig. 21 
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Fig. 30 
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Fig. 33 
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Fig. 34 
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Fig. 36 
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Fig. 38 




46 



EP0869 365A1 



Fig. 40 
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